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PREFACE 

Interest in developing coupled models (models of pests 
linked to crops) is steadily increasing. This interest 
comes from both disciplines, and is driven by a num1ber 
of different factors. From the pest standpoint, the 
coupling can he viewed as providing a realistic 
representati( O)f the ho)t plant as a ( l)undati)l 0Or driving 
factor in a mo re detailed meodel of the pest popLilation. 
From the crop standpoint, pests are stress facLors for the 
crop grown and thus represent production conslraints. In 
a single-species crop model, it is difficult to represent 
this stress accurately. Models of pr )ductions systems that 
include crop and pest prowide more than the sum of their 
component parts. The coupling proVides a method of 
understanding the h )st-parasite relationship at a 
fundamental level, and serves as a basis for defining 
yield-loss relationships that may be useful for predicting 
crop loss. Modeling a crop and its related pest organisms 
within the same space and time framework provides a 
challenge for the modeler and biologist, and also 
constitutes the next stage in producing integrated 
agricultural system models. We are fortuniate thlt this 
workshop has allowed a group of researchers to meet 
and exchange their ideas and the techniques they have 
Used in developing coupled pest-crop models. 

Patt S. 7ihg 

JonathanE. Yen 

Department of Plant Pathology 
University of Hawaii 



WORKSHiOP ON 

MODEUNG PEST-CROP iNTERAcnONS 

JANUARY 7, 1990 

R,()- K. Nismmw.\()( 

Acting l)irector

Oawail Institute ( I. ifical Aiuricufura nil lutmn Res( urccai
 

On behalf of the Q lle_uge if"Ir( ipical AgriCuhture. aCnd I Liman ResOuIIiVe s. it is my .leasure
this morning to wek'coie N'u to this W(irk.sli f) t111M dclinngCSt-cr ip interactioins. Our (cn,
Ned Kefford. extends iis sincere reglrets ill mit being ale to be here withIV :iuashe is
 
fulfilling his role as Administrative Ad\iso< r f r ia \\.estern Reg inal rescaich project in New
 
.\Icxio. 

\e atc plcased toI serveas ( 1's I rs-.. t( this \w(rksli f). I patrticularly' iC(')ItltlI the
 
International Benclhmark 
 Sit.-s Net\\wirk ft' Agrclinil(gv 'Tlinsfcr (IBSN.\'') Projc't Is tile
driving t urce buhind the wcrks hl- ) m() cl,.ii pest-cr-op interacti( ins. I kno iw that ihc
IBSNAT Pro)juct has wantcd t( pursue this type (If rescarch acti\ity fkr many years. and we a're
delightUd that lPaIul 'l'ng and oICnathan LIii'un r(, the l)epartnCIt 0If Plant Iathology are now 
involved in this activity.
 

As \0l l t know. I)r'.'l'eng collalborated with tlc IIISNA'' PtIject belfore hi 
 joined the
t'nivCrsity o)f Ilawaii is Chairman and 1)r()1c5Ir (o[ l)Iatnt lth()l()gvy. Folr exa1mpIC. while at the
l)epartment of Plant P11iology at the Intrnaiti r itl Ricc Rscearch Institute, lie wro te the article
oil Pcsts and Pest-Ia iSs Midels vlich in tle( )ct01)(2r 1988 isLI (of 'ltYr)/Vc'blolo(q'
I7u/,er. We are l)Icisel that I)r. T'I'eg is no0W with IS 1nd p1roviding leadership il this are.
 
fwOr the IlBSNAT lroIject.
 

AlthoLugh the IlBSNATlroijci rcali\ began in 
 1982. 1cIlSn.iler its f lctS leine.,d il 197.1 \\ith
the Benchmark Soiils Pr iject. "l'hat p iject dcalt xh igl-)RiIttctio- tc'hIiology an1d tlralnsf'er

by anagv.log In other wirds, where s(oiils are 
situ ilar'lv classificd, there slu0d ..b lesil.r c1-ol)

respIonse. 'le IBSNAT IPriject 
 brladcned the lenchalri-k Soil.s proiject 1r iri so ils to ,sites,

which inciutdes 
 il an11d all othe' falctor. suh a.is enr2vitr ininenCiial conditio ins, that illlue,ncC

agroproiductii. 
 tled uigy

that cImbines elements of trai.sft' l ana ligy wilh Systems anIilvSis And Si lulati: n. IBSNAT

Iha+s been dClop-inI ai dcCision Supcirt systell by c<i>bitiing oil, crop, weather, and l1n

mn.1,gemilent dltI bisCs with Sitluilatii)n nl 

IBISNAT lsoIsroade the tran.fcrence, tuthllldloigy f t'n aal t one 

,dels and expert Systems. Ill September 1989, the

IBSNAT Priject reached a majo
ir mileston<e when they Ie\,.gllClistril)utilg tie soft\\'are'C and
User's GuideC fo tihe l)ecisioln Sipp-rt SvStC fit' Agr technliligy 'ransfer (),SSAT \' 2.1) to
 
user glrapa(,, ifiil thet(leGw'i.rld. C1i- T.Inuji fn the IB,"SNAT P'riject will bring0
you Up to
 
date il that deveop ientlater in tile prigram.


YOiu, 1. criSp- piteclion scinllist.,, will rec(ignize, that the pest and disease compoinents caln

haivC al il. c011i0pr
ilfIlucCC l)tducliolin, .lld m1u.,St be an integlal irtif ian crip 
simllulattion Mtodel. 

The modeling of pest-cr op interactio ins is a very coimplex it involves Iallyone as 
dimensions. We all kniw that crop response is dCpeClt on many fhctit's., such as )lan1t
nutritiOl or tempetrature which infiliceVs both gix\\tlh ind dCveI)illop ntall pt)ocCssCS, or light
which affects the extent of gro\\th that (icCUt'S as well as triggering devel ipmental pro'cesses.
At the saie time, these factors could al.so infliecC the w',a' ill which pCsts an1d dise.ses may1.i,
aff ct the crop. The choice if a crop culltivatr coulld alter the yield and qiialit) p-Otential 0if a 



given crop, as well isgreatly alter its susceptibility to pests and diseases. When yOu add the 

complexity of pathotypes with various degrees of pathogenicity under various temperatures, 

humidity, and other climatic influences, one can quickly see the complexity of pest-crop 

modeling. 
Thus, when we deal with an infinite number of combinations that could influence the 

manner in which pest-crop interactions can occur, I am impressed with those who pursue this 

research endeavo)r. An important go al oft scientific inquilr is enhancing the predictability of 

events, and an advancement that we can make in this regard greatly increases our ability to 

manage crops mo(re eflectively. 

\\ hen We can fr()LIs that thinking to that which has already occurred through the IBSNAT 

Pr ject, I believ\ tiat \'oI have an opportunity to make significant advances, and I thank you 

fo0r participating in this workshop. I wish you the very best in your interactions over the next 

few days. 

CONTACT PERSONS: 

R. K. Nismuumml 

Acting Director 
I lawaii Institute of*Tropical Agriculture and Human Resources 

College of Tropical Agriculture and luman Resources 

Giilmore Hlal.IlRom 202 
305( Maile Way 
I onolulu, I lawaii 96822 1'.S.A. 

Telephone: (808) 918-8389
 
FAX: (808) 98-6-12
 

G.Y. Tst..i, 
IBSNAT Project 
Department of Agronomy and Soil Science 
College of Tropical Agriculture and Human Resources 

University of lHawaii 
2500 Dole Street, Krauss Hall 22 

Honolulu, Hawaii 96822 U.S.A. 
Telephone: (808) 948-8898
 

FAX: (808) 9-12-8417
 
Flectronic Mail: gordon@uhccuix.B3ITNET
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DEVELOPMENT OF GENERIC CROP MODELS
 
FOR PEST COUPLING
 

J.T. RITci.I
 
Michigan State University
 

IBSNAT's Purpose and DSSAT 
The major goals of the International Benchmark Sites Network for Agrotechnology Transfer

(IBSNAT) Project is to develop improved capabilities for transferring agricultual production
technology from sites of origin to new locations, and to provide a useful support system for
decision making. To reach these goals. I3SNAT is developing a systems approach which use;
crop simulation models adapted to evalate the potential of various soil and crop management 
alternatives. 

For this approach to be successful, crop models must first be validated by comparing
model predictions with observations from field experiments. Experiments are needed for
validation Under different weather, genetic, and management conditions. After the experiment
is conducted, the soil, weather, and management data are entered into computer files, the files 
are converted to a format required by crop model inputs, and the same experiment is
simulated. Crop model predictions can then be compareld With actual experimental
obserxations, and any differences between obseIed and simulated results can be analyzed.

The IBSNAT Project has accepted responsibility fo" developing several majo r f' o d crop
models. i:01,r models (maize. wlie it, soybean, and peanut) have been adapted to IBSNAT
standards and are available for validation by co)llabo rators at their sites. Additional models for
rice, dry bean, pcotato, barley, millet, so rghum, cassaVa, and aroid are in VarioL)s stages of
development and most are available for testing. The crop models require similar inputs of
soil, weather, and management data, and all produce similar types of outputs of soil 
responses, crop gro)wth, and yield data. 

IBSNA'"l has developed an integrated computer system called the Decision Support System
for Agrotechnology Transfer (1)SSAT V.2.1 ). The I)SSAT system consists of several 
components: I ) crcp models; 2) soil and weather data; 3) collaborators' experimental data: and
-i) application programs to enter and retrieve data, link the models with site and experimental

data files, and analyze the observed and simulated data for specific objectives. We now wish
 
to add a pest component to I)SSAT.
 

Pest Linkages 
Farmers have to make critical decisions a1bout when to start applying a pesticide, how

often to apply it, and when to stop. Predictive systems are badly needed for this purpose
because of increasing economic pressures and environmental concerns. Crop models where
properly validated can provide scientists with a) a reliable means to incorporate the crop as acomponent in pest models, b) a reliable means zo estimate pest-free yield and pest infested
yield under variable conditions, and c) a means to develop least loss strategies due to specific
pests. Pest models also need to be validated and able to provide reliable information on pest
populations and how environmental factors affect them. Pests often cause plant spatial
patterns to be altered and the patchiness of the crop would also have to accounted for in the 
crop-pest model linkage (I hughes 1988). Most crop model and pest models can be run with
the same set of weather d:,u. There is little extra input information that is needed for running
both. The critical need is to define linkage points between the two models. A linkage point is 
a known, quantifiable effect that a pest has on a crop. Pests can he classified according to
their potential effects on a crop (i.e., the type of linkage points). A listing of linkage points
follows (Boote et al. 1983; Teng 1988). 
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I. 	 Stand reduction: in wihich plant numher and hioniass are rumored from a system 

(e.g., kmping- ff fungi). 

2. 	 Photsynthetic rate reduction: illwhich rell'ailillg host tisstus ha'Ve a reduced raIte 

o)fCarh (e.g..upLil)tik cerlain virs pathogens ). 

3. 	 Leaf senescence acceleration: in which senescence or abscissioi of leaves is 
affected I1y aIkm win l\l )(fth Cetp( pulatim (e.g., S01n( leaf sp )tting fungi). 

-. 	Shading: in which plu)t()synthetically active radiation is rnel)ved from plant1t parts 

W\\hich Canl utilize it (e.g.. weeds). 

5. 	 Assimilate removal: in which s )lull assimilate otherwise used fbr plant growth 
and de\ehlpment are used 1W peCsts f'¢r their own gr\vt h and deveh )pment (e.g., 

6. 	 Tissue consumption: in \vhich plant tissue is physically removed froC the system 
(e.g., defbliating insects). 

7. 	 Turgor reduction: in which there is interruption of the vascular system to affect 
xylem and pllumn transport (e.g., wilt patthogens). 

8. 	 Metabolic diversion: in which rnetaholites to he used hv one type of host tissue or 

host part a1re diverted toaollther (e.g.. r()()tlesion nflcatocdes). 

9. 	 Resource competition: in \vhiclh the pest com1peteS fo0r and utilizes resouLrces before 

they enter the plant (e.g.. Weeuds). 

10. 	Translocation disruption: in which the translocation system is rendered totally 
dys'u nctiona I (e.g., the neck blast synldrotl)e in rice). 

11.Tissue disruption: in \v'hich the pest causes cells to Ibe disorientaendand disrupt (e.g., 
ro0t lesion neulatOde. rust patho gens ). 

Tihe coupling o)f a pest model to a cro)p model starts with identifying which of the linkage 
points best descrihes the patrticular pest-cro p combinatIll. Witl some pests, it mnay be 
po ssible to explain mo)st 0)f the effect in terms of jlust one coulli ng point, as with defoliation 
by tle Colorado po(tato betle )n) p)tato, in which case the effect of the pest po)pIlation over 
time may h i deled by inco rp )rating a dlf(liation)l curve. 

Successful linkages o)f pest models to tihe IBSNAT crop models require that the pest models 

be functional types req(ui ring daily tirnie steps. Pest mo)dels sh(ulId be deVe\lo pcl alo(ng similar 
levels 0)fdetail as tile models So bIe fatirly similar in the time reu Uired fori)crp that the tw\ \Will 
tile simulatiol .\1 st truly meclnistic n Cdels re(luire too much informatio in and co )mputer 
time fri' IBSNAT purpo ses. Rtional empiricisms have to be developed that simplify a 

mechanistic system to make the l dels functional. 
The IBSNAT Project is c)mmlitted to in-l)po)rat ing a few pro)totype pest mo )dels into a new 

version of I)SSAT. h'lhese pIr0totype models will pro\'ide examples of the level of detail 

needed for other pest models. We lhope that se\'eral of the pa-ticipants in this \\-)rkshop can 
hlelp pr-ovide-thlese inlitial l ls. Wh hcy are properly \alidated, they can then become an 

importat part of the DSSAT system and thus provide vtl'alble decision making support. 
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GENETIC COEFFICIENTS
 

FOR THE IBSNAT CROP MODELS
 

L.A. HUNt' 

University of Guelph, Ontario, Canada 

Crop cultivars differ one from another in a whole array of morphological and other 
chaiacteristics. Some of these characteristics have been documented by cultiv"r testing 
authorities, and summarized in lists for distribution to both the scientific and farming 
Communities. Other cultivar characteristics have he1en docuMnnted and summarized by 
Computer modelers, who have used the list so produced as inputs to dynamic simulation 
models. In this context, the characteristics for one cultivar have been termed the "genetic 
coefficients" for that cultivar. They can be defined as: CoCefficients that sunmarize the way in 
which a specific crop cultivar divides up its life cycle, responds to different aspects of its 
environment (e.g., day length, temperature, moisture stress, disease organism), or appears/ 
changes morphollogically. 

Tihe number of potential genetic coefficients is very large. However, the general aspects 
of adaptation to any given environment are determined by a few responses, and it is these that 
have been taken into account in the current IBSNAT models. 

F-or maize there are five coefficients. Three relate to development and the progression 
through the life cycle, while two relate to growth aspects. The development coefficients 
summarize either, a the minimum duration of some of the phases that a corn plant passes 
through during its life cycle or, b) tile modifications to these durations brought about by 
photoperiod. Not all phases of development, which are delimited by specific developmental 
stages, have genetic coefficients, some being assumed constant across all genotypes. The 
phases that are considered relate to: a) the juvenile phase, b)the tassel initiati(n phase, and C) 

the linear grain filling phase. The duration of the tassel initiation phase is presumed to be 
affected by photoperiod to a degree that is genotype dependent, with the response for each 
genotype being assumed linear with respect to photoperiod at values greater tl-.in 12.5 hours. 
The maize development coefficients are complemented by two growth coefficients that relate 
to seed set and seed growth. 

The development coefficients for soybean are like those for maize. They can be broken 
into two categories: the minimum phase durations, and the phase length modifiers. Like 
maize, so(ybean durations are not exprcssed in terms of chronological time, but unlike maize, 
'biological days" rather than "degree days" are used. The phase duration coefficients in the 
soybean model ire complemented by two phase length modifiers; one deals with the response 
to photoperiod, while the other deals with the threshold photoperiod for response to be 
observed. Also, as for maize, the development coefficients are complemented by a number of 
growth coefficients, with both vegetative and reproductive growth being considered. 

Wheat is simpler than soybean, with the array of coefficients being somewhat similar to 
those for maize. Lnlike maize and soybean, however, the coefficients are not presented as 
such, but are reduced to scale values running from zero for those genotypes showing 
minimum expression of the trait in question, to some upper value for those genotypes 
showing maximum11il1 expression. 

Genetic coefficients can be determined in a controlled environment setting indoors or 
outdoors. The use of special facilities may not be appropriate for some crops, and situations, 
however, and a third approach in which coefficients are estimated from field data sets in 
which dates of phenological events and yield components suchIas grain number and weight 
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have been measured, may well be the one that will become most widely applied. Software
 
for this has been developed by IBSNAT.
 

The genetic coefficients used in the IBSNAT crop models are thus coefficients that
 
characterize certain aspects of a cultiVafr's performance. Coefficients determined in one region
shoul be similar to those determined in other, possibly contrasting, regions. tUntil this is 
proven, however, the models should not be used in conditions different to those in which the 
coefficients were determined. Further, the array of genetic coetficients currently used does not 
encompass all aspects that may be of significance in determining the perlrmance of a 
specified cultivar in a given region. Factors that relate to physical stresses, diseases and
 
perhaps also insects, will have to be taken into account 
before model outputs can be used
 
directly for decision making at the firm 
 level in some areas. 

REFERENCE 

Hunt, L.A. 1988. IBSNAT's genetic coefficients: Coping with germplasm diversity. 
Agrotechnology Transfer 7: 1, 3-5. 

CONTACT PERSON: 

L.A. -t' 
Department of Crop Science 
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A GENERIC MODEL FOR PHYTOMER ONTOGENY AND VERTICAL PLACEMENT
 

IN COMPETITIVE WEED-CROP COMMUNITIES 

1'D.M . A.i ANI) .D. I-hESK 'It 

'tniversity of Californi it Los Angeles
 
-'SI)A/AR,, Agronomy Dept. University of Illinois, Urlana
 

I)etailed s'stem process modeling of(crop communities is needed to search and test for
 
simplified extension models. Once : new end use is encountered, the process off "distilling"
 
the simple model from the Comlplex must he repe:ted.
 

At Illinois ,re have been wo irking o n : detailed weed-cro p competition model in an eftort 
to exph re wCed glrowth under vai-ioLs culurail practicCs and to derive extension models. As 
with all pests, spatial prob)lIems irlplredictinge p( pukltilln dynmliCS must he aIccO lunted lbr. 
(;Onsidclring tile variety of weed grow\vth stiategics, spatial prohlems associated with the 
"p0 pulation" Ifphytolers leaf, node, and internIde par1ts)Wi on an individua.l shoIl Id also he 
addrussed. 

We are wo rking gneric plait oR )l10!0gy and pheno210gv m in a1gener:l questmla, rphl C)del. 

to extend existing plant mcIodels toother species, whether hoIrticlthurl., weedy', (Or part of the
 
natural ecosvstelm. As part 0If" this efo )Irt have develolped a ioclel For positioning
we 
mainslreamIl and hralnch nodes within the ca lnolop and for the timing of phyto ller >nt1 geny. 
including the lhvsioll10gical ifproCCssCs invo l\'Ive. 

The rate of 'appearanceof new mainstem leaves (dV/dt), collpared to the rate of leaf 
primlord ia initialtion, is most liineair with templl)eratiure. The phyll( chron (dV,/dt) -1, is therefore i 
convenient Unit by which to scale other developmental rates. Along these lines, the classical 
logistic ra.ite enuatli ln for indi'idu:l leaf area expansion canihe written: 

cIA/dt = (21 n(A-A )/).)A( I - A,/A)dV/t 

where At is tile finail vikle of A, A, is the value ofA at leaf appearance, and D. is the number 
of leaves that appear while this leaf is expanding. This equaitionr was derived by replacing V 
for t in the logistiC eqtLlioni.hysiological constraints can be integrated into this equaItion as: 

age 
At= (age) 	 J At a It
 

0
 

where a depends on the physio!ogical state of the plant. This eqcIuationl is solved as A, = 

A,,exp(3), where A,, is experimentally determined under standard reference conditions and 13 
is defined by: 

d13/dt = (a -	 1)/age. 

The elongation of the associated internode (or petiole) generally occurs concurrently with 
leaf expansion. and tllus can be described by: 

DI/dt = (1/A) (dA/d)t1( 1 + /f,) 
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where I is the length of the organ. X is a parmeter, and If is tle aNVrage d1ilv fr"ctiof full 

sun at the level in the canopy; 1',can he interpreted as mapping tle effects of irradiance 
directly, or serving as : proXV vairiabIlC for light ciuilitV. The aoVe eCquations describe the
expansion of" lealf area and internode elo ngation for indlividuaIl ma1'instrea.tm p)hytomers. Blrnch 
leaf apearance can be dsCcribUd hy: 

dVB'dt = (dV/dt)FlQ - b2l.bl - b2) f < bi
 
dVl3 =i
I0 f*(,< b. 

where F = dVW dV, is the ratio Nobranch: mainsteli leal appearance rates (Ceternined under 
standard ire f i'..lince cncditi ns), and Il arild 1 are parameters: Ibranch leI apipearaince 
decreases willi declce'sing I( and Imaly be inhibited altlguther.

Tl'he il ' cl(LIati( ii I redict [he dyna mics oI the verticall mIvelment Of leaf area based 
LipIon the p)hC nO1 a1nd Ihs i0I(1igical state( tf*tihe l)Int. \hen rites 10r individual lphyt(inr.S 
aIre intcgrated, the p(sili(n (I tile hytehiur within the ca lpy can e determindud bv 
acIunti ng fi Ir the dirl, tilsiIls (OIfall sulItendi ng ph\t liner.s. In (OirdertoI implement this System
of' rate U(Iuat i(,s, A Ile (II lighi tbs(rptio n Cluring inl'etrspe(2cific COfl-lpetiti(on mu.st be uIsed.
 

l'he ginlunI iea~ (I've which lea:ft a2re indiCs ar'c cilcul 
 d 1' ain11rhinspciftic ca1.no>p)
 
com sed of a s.ingle weccl 
 and the crop ro>w, caln be letermiiiecl by coInsidcerinig the 

Iclimiensi(ns lf the wcu'ecl. The bli rcls-C'C-viCw are o'f infilUCnc (AOl) of the1 


weed is all Xiia ecl I
b the RV l Cnth IntlCed in the circ clete2rn ined Lsing the

holi .wiitall len, ,,tll f the longCst br, nch IS the raidius. The leaf, area index (LAI) within this
 
interspeciiic, ca:l!"TN is then: 

LAI\\ = Lea' Ar,,i per Plant \(AO * I)IR:)
 
LAI = Leaf Area per Plant , )BP(/)IIR(
 

'here \V denotes thle weed, CCldnotes the crop.l))BR is the distance between the rows, and
 
D)IP is the distance between the crop plants.


The absirption If1 light by this canopy is approximated as the abs Irption by a rectangulakr

hCdgCrIOw basCd tlp )n tile hCight an11d Width of the 
hCdgero w and the (s(1li altitudc ) X (le'af
angle-class) inlte ract ions. Once this ablIhlp-tion is ca lciilatecd, thelph Ipothetical relative covered

groiund area (RCG), Of a C(oIntiillcU I (lOnn-IlCClgCr( w) cinpy with the same LAI necessary to
 

,1o
albsorb tile s:m.lllC Ii01' lilht is c Ic'ulate2cl (Nl utSsiCi- 19()). This RCG is catlculatecl 
separately fbr dififuse and direct irrldi:anc, anC usCl to modily the light attelnuaitioll C(Lualtions

in oirder to ca lcilite the irl'Z t 
 l1eaICvel Within the can1(p,. The average photosynthetic
rItC within a Iayr is the2n ca lculated, taking int( '.Icc llunt the interaction of the nonl-llcal rity in
the single le:-f photosynthetic light response curve with the leaf' angle-class distribuLtion 
(GOudiai'ii 1988). 

As tie indiviIulii internocles aire elongating within the canoIpy, cach phytoimer is assigned
to i discrete laye Ii.I'rca lcukiti( n (If the leal 'r index within thit layer. li prevent Some1C1 
lay'rs fr(l0 I leCing unplre,dictallbly , em-Ity (cLCe to the abirl)' issignnlCt of layer I)ounclaries),
the tot I'leaf area in each layer is catlciLitec 'aS thle tOp-clO\wn thdice-layer mov ing ave rage. This 
technitiie rsCults in aI n0In(ItoInically, decreasing fQ as the plh'tonlmer ages.

With piiopr parameter selection, the model can mimic the behavior (Nf weeds such aS 
Abiatllt, //)eo/)IbsI[i that )ra;inc'h \'igoIr lusly \When groVn inl the, I)t bUtl not when grown
withina soyel)an cropi canopy, as well as mimic the behavio r of weeds such Is ,!Nt mhilM 
slru ,uarium, that branch vigoroIslyl even when grown within the soybean canopy. 

9 
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PHYSIOLOGI(ALLY-BASED SIMULATION 

OF WEED CROP COMPETITION 

M.E. McGw.:\I M.G. Hit:K-, AN) C.J.T. Sirr-n:rs . 

llinois Natural H-listory Su-vey "University of Illinois '\Vageningen Agricultural University 

Optimal pest management strategies use control :neasures Only when pest population
levels are high enough to potentially cause significant crop loss. lParatmount in this concept is 
tile development of the pest populaticn/crop loss relationship. Based on this relationship, a 
threshod damage can he determined, helO'' which control measures are not warranted. 

A regression equatiol is often fitted to the relationship between pest populations and crop
loss to apply experimental results t) (tller years ad ICcatio ns. But regression ecjuations are 
based on yield loss dahta in the years and locations where tile experiments were conducted.
 
The results are often not transferable to) other lIcations Or 'eatrs. 
 Scondly. aIregression
eqLuation consicer: crop lo)ss :Is dependent onlly onl pest damage . Many experiments have
 
shown that culti. tl factors such as r( w 
spacing and fertility. an1d environmental inlfluences
 
such aS rain1.111, may affect tile am)1nt ()F crcop loss resulting from pest injury. 
 Additimal 
terms may he added to) the e(uati() to) ace ount hr cultural (w environmental fcto rs, but
 
regression: with correlated independent Variab~les often result 
 ill L',rU or illogical co eficient
 
estimates (McGiff'en et al. 1988) FuIrt he.r, regression 2(lLIatlcOns do not accurattely reflect tile
 
physiological meclanisms that reult in observed +Vyield
foss.

Physic)lc gically-batsed .simulati n models are hased on the processes that underlie the
 
plant's response to pest injury. As a 
esuh, they are more likely to be trantsferable to situations 
beyond the datl originally used in valIidaticn. Simulatiol Mc dels alilw experimentation with a
wider range o)t interacting factors than W(,uld be practical experimentally. Simpler regression
and physiologically-blsed mcdels naty be more practical I'cr 1mny matnagement applications

(Spitters 199)). We ha\v'e devneloped at mI del that simulated vel\etleaf and soybean growth

and competition (WELVET. e present \EViI" to illustrate concepts useful in developing

simulatiors of tile effect of pe' t irnj' 
 on crofp damage, and demonstrate how simulationls can
 
be Used as a 
 tool fr manag,ingu, pests Atnd to guide future reseatrch. 

In studying pest-crop ecology, it becomes apparent thalt a multispecies canopy is r aode uip
of t number of' discrete layers. Velvetleaf attempts to shade out its competitors by
overtoping the soybean canopy and concentrating leaf area above soybeans. Shade tolerant 
weeds such is eatstern hlack nightshadsrvesurvive under the Sob)eantl canopy, and take 
advantage c)f tle increased light inltensity ducring soybean leaf: fitll to rapidly increase bionmass. 
Insects and pathogen da lnvge is often stratified in the canopy in a species dependent manner. 
Silula1ting a ulnifcnlm block of' area thro ughoit the entire field is especially unrealistic 
whlen pests are present. 

VEIVET simula tes continuous environmental parameters such as tenper.ture an1d light
intensity from standard daily weather data. At the top of the canopy, the photosynthetically
active radiation is then portioned into diffuse and direct light. VELVIT divides the canopy into 
a user determined nlumber of' discrete horizonal layers, and determines the amunl rt c1' light
absorbed by each layer, discriminating between diffuse and direct flux. The leaf area of' each 
species in each layer is determined. Each species receives photosynthetically active radiation 
in proportion to its share of leaf' area in that layer. File light not absorbed by the layer passes
through to lower layers. The calculation of the amount of light entering the top of a layer,
amount absorbed by each species, and amount passing tllrougl is repeated tlroughout the 
canopy. Individual leaf photosynthetic rates are calculated after adjusting for temperature, 
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water stress, and light intensity. The individual ieaf photosynthetic rates are sunmled for all of 
a species' leaves. The daily canopy aIssimilation rate is calculated after suhtracting 
maintenance respir ,ion, and the plant converts assimilates into growth of plant organs. 

VELVET estimates daily rates of change in soil moisture .cOntent by summing rainfall, deep 

percolation, soil surface evlporation, and transpiration. Water lost from the leaves of each 
species is removed from soil storage in proportion to the relative mass of roots pre;ent in any 

given soil layer. Thus, if velvetleaf has 7() grams of root mass in the 20-40 cm depth, while 
soy)vbean plants have 30 grams of root tissue in the same soil volume, then velvetleaf roots can 

remove 70% of the plant available water. Potential transpiration is determined using Penman 

i 1',ations, and actual transpiration is calculated as potential times a function Of soil moisture 

av'aiL~bility. The ratio ()f actual to potential transpirati( n is used to adjlust canopy assimilation 
for plant water balance. 

Varying model parameters has revealed aspects of velvetleaf competition that warrant 
further study. Much attention has focused on weeds with increased resistance to triazine 
herbicides, but which have reduced phot )synthetic rates. Our results indicate that velvetleaf 
can tolerate substantial decreases in photosynthetic rate and remain competitive. However, 
simulated soybean and velvetleaf competition is very sensitive to soybean leaf expansion rate 

and plant height. These findings should be explored further as possible means for increasing 
crop competitiveness. 
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USE OF RADIATION DATA
 
TO DEVELOP CROP Loss MODELS
 

Fomis-rIT W. N"I-rI'I:I
 

University of Georgia
 

Plants may respond to the effects of planl diseases by changes in color (chlorosis and
necrosis), changes in plant mo)rpho)logy (wilting and stunting), or b\' leaf a)scission (Nutter 
1990). Each of these factors vill affect tile quality and quantity of spectral reflectance froml 
plant canopies. Therefore, remote sensing technology may offer an alternative means to
 
monitor plant disease epidemics and to estimate damage pri)r to harvest.
 

Crop loss models are Often used to0 qua ntify tile relationship betw','eel biotic plant stress
and yield ( Nutter 1989). Area under tile curve, critict I p)int, lnd mluhtiple p)int m)dels are 
techniques that have been used to (luantify • the relationshil) btween disease intensity and
yield loss. ViSull assessm1enls of disease intensil are c(mmo(l\'used to0 monito(r disease 
progress, h)\wve\er, visual assessments aire often suLbjective, tedi )us, and labO) intensive.


Waggoner and Blerger (1987) have suggested that leaSur'ing healthy green leaf area or
 
healthy green 
 leaf area (lurati n ( I - Y) wO)Uld have a I)etter relatiriship to) yield than disease 
intensity measureenllts (Y), where Y is the pri)ipi irtin of diseased )lant tissue present and (1 -
Y) is the pr() )rtic)l fchealthiy leaf area remaining. 1eaf area index (MLA) is the agrio)nmlic
variable cc mm) tile input variablemnlv Lsed ;is in some plant grc)wth and yield prediction
models. I Ic)wever gru()ndmeasurements of leaf area are tedious an1d costly to perfirn (Asrar 
et al. 198.4). 

Multispectral scanners have been used to recird radiatiin in the visible and nearu infrared 
regions of the electromagnetic spectrumn (0.3 - 1.4 mnm). Scanners may be hand-held or 
mounted o)n trucks, aircraft, ()rsatellites. Nutter ( 1989, 1990) has demonstrated that percent

reflectance m1eaIsurements (800n ) can be used Istile independent v\ariable in critical point

yield loss models. Ilowever, tile relationship betwveen reflectance and disease intensity, and
 
reflectance and healthy leaf area hlas not 
been elucidated. Nutter (1989) has hy)othesized that 
tile mneasurenlent of percent reflectance in specific narrow wavelength bands may pr(ovide an
 
indirect 
 a',:Is
measure fifhealthy green leaf area. The purpi C()Of this study to (luantify the
relationship between percent reflectance of sunlight (800nm) and healthy leaf area, and to test 
Waggoner and Berger's hy)()thesis that healthy leaf aiea ( I - Y) is a better predictor of yield
than v'isual neasurenents of disease intensity. 

Inputs for Modeling Crop Loss 
Experiments were perforned to obtain a range of early season differences in IAI, chy

weight, and disease intensity by: a) planting different seeding rates of Flo)runner (susceptible
to late leaf sp)t) and Southern Rlnner peanut (moderately resistant to late leafs)ot), and b) by
differentially reducing the apparent infection rate of late leaf spot to obtain a range of' late leaf 
spot disease intensity levels. This was accomlplished by treating pealuts with various 
concentratio)ns of Bravo 720F (chlorothalonil). where IX concentration = 1.3 kg/ha a.i. (Nutter 
1986). 

Experimental Results 
The use of different seeding rates as well isdifferent a.i. fungicide concentrations resulted

in a range of LAI, dry weight, aid disease intensity values which could be used in conjunction
with ordinary least-square regression analyses to quantify the relationships of these variables 
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with percent reflectance and pod yield. There was a strong linear relationship between 
percent reflectance and LAI for both F'lorunner and Southern Runner peanut, whereby LAI 
increased as percent reflectance increased. Reflectance explained 96 and 93% of the variation 
in LAI in Florunner and Southern Runner, respectively in 1988, and 1989. Percent reflectance 
measurements had a strong relationship with LAI and dry weight t€Or data pooled over a 
season, which indicates that the relationships between reflectance versus ILAI and reflectance 
versus dry weight are constant over a season. Also, the slopes relating reflectance to LAI 
ranged from 0.13 to ). 17 in both Florunner and C)Luthern Runner and were not significantly 
different indicating that a standardized equation using reflectance measurements may be used 
to estimate LAI in runner-type penluts. 

Reflectance data explained more of the variat ion (r2) itl pO d yield of 1±rulrnner and 
Southern Runner than LAI, dry \weight, and disease severity of percent defloliation data. For 

both varieties, percent reflectance measurements. when uised as the independent variable to 
predict pod yield, provided lower standard errors o' the estimate compared to other critical 
point imleaSurelents. Reflectance meaSlellelltS also had lower coefficients of variation than 
LAI, dry weight, and visual disease intensity measurements. In addition to having the best 
relationship to yield compared with other assessment metho ds, percent reflectance 
measurements could be obtained, processed, and analyzed 5 to 10 times faster than other 
methods. 

Discussion 
Three processes often occur simultaneously when peanuts are grown in the southeastern 

I nited States. The first process involves the p-roduction of" peanut leaves (and stems) over 
time to build leaf a The second process occurs when early and/or late leaf spot causesTra. 
leaf spotting ( necrosis) and delfo liation. This process reduces the absolte anmunt of healthy 
green leaf area available for intercepting solar radiation which is re(uired for the third process: 
the conversion of plotosylthate into yield ( peanut pods). An increase in peaIrlt growth (ILAI) 
occurring simnultaneously with an increase in disease (increase in lesion number, lesion 
expansion, and defoliati(n) and increased pod demand fOr photosynthate, are three processes 
that can be integrated and measured by recording percent reflectance over time, since percent 
reflectance meisures the absolute an1n.1nt of green leaf area present in real time. Several 
researchers have suggested that measurements of LAI or LAI duration would have a better 
relationship to yield than disease intensity measurements (Asrar et al. 1984: Carver and 
Griffithi: 1981; Johnson 1987: Waggoner and Berger 1987). 

Thi, may be because disease intensity me'asurements are Isulally proportional estimates, 
i.e., the amount of diseased tissue divided by the total plant tissue (=Y). Thus, tile amount of 
healthy tissue remaining (I - Y), is also a proportional estimate having a valIe between 0 and 
1. In addition, the rise of proportional estimates raises a serious question concerning the 
modeling of yield losses. Does a 0.50 (50%) reduction in LAI due to disease in a crop with a 
potential LAI of -i.0 have the same effect on yield or yield loss when Y = 0.50 in a crop with a 
potential LAI of 6.0? Absolute measurements of LAI available to contribute to yield should 
provide a better relationship to yield. Carver and Griffiths ( 1981 ) found that there was a very 
good relationship between the effects of powdery mildew infection on LAI and yield in barley. 
Our data suggests that reflectance measurements can pr )vide atccurate estimates of the 
absolute levels of' LAI and therefore reflectance measurements often have a good relationship 
with yield. johnson (1987) has also postulated that tile measurements concerning the effects 
of disease on radiation interception (reduced ILAI) and/or radiation use efficiency, would 
provide useful inputs for crop loss modeling. 
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DiSPAR: A MICROCOMPUTER PROGRAM TO CALCULATE
 

FoIUAR DISEASE-PEST
 

PARAMETERS IN PEST-CROP MODELING
 

A.C. K I.A0i'.\ *\t) 0. C:\IssIr 

MacIl)on:rld College Of ,\c(Gill I rli\ersity, 

With the adVent €)1 qirantitat ive epidemiol gv. S()mle ()f the older disease-pest parameters 

such a1s percent lea'Ves Or laf areat damaged, etc., are n )t sufficientl' specific to explain certain 

phen )t_'nena. This has lead to the identilication and detiniti( m of specific new parameters for 

uSC in disea.I.se-pest f r'cansting, p-redic:io n ( f"vield l ss, evalita.tion O)f" re,_sistanr~ceC, cotnpaisorn of 
cotttl etc. 1980: Fr' 19- 198-1. 1989; lIuslppachlemical )ntrt-neasur'es, (I erger 5:• KISuhlap:pa 

and Lagessee 1981: Kusha laippt and Santo)s 1981: Seem 1987; Vatndcrnl nlk 1963: \Vaggoner 
1986: \.(gg oner id Ilerger 198-). I's S 1 pecif'ic and apprO priate parameters in pest-crop 

m( de-'lirng enrhles better interpretttio( O01" With thle help 0)t IS)I,"AR it is po)ssille tor'esuls. 
Calculire V'a ri( MIS dise:rse 11nd l'st-drmIge p-;aramelters co m )lnlvlermplOyed in l )deling pest

cr(l) interacri( ls an1d thus giving Aln OllO Lrtunitv for the rese:rrcher to use multiple ptr-amleters 

to) expl:tin certain plhenct-rlelna. 
The mic-rOcOmpurler pro gra n I) ISIAR, an :rcr nmn ftr lPest-I)ise:rse F:rrameters, was written 

in F( )RIRAN. Tih Ve lep)gra iV wa )pl-edexecuta- versio l)f01' dev.'el using NIicr()soft 

FOI'TIAN compiler 3.3. 'o) run, req tires aMIBNI O IN micro cop)uterI)ISIAR B) c( mpatitible 

with 6 i( k RAN.I hard disk, ()r ;t 3.5" ()1rhigh density drive, : DOS version 2.0 or higher, and 
an ASnII or'- I B. pers n:rl Ldittl)r. The prOgr'aim is mnlru dri'er an1d easy to uSC. 

The pro granI \\:s eml )l Ved to reduIce drt:r and to) calculate V.rious disease par:tmeters 

from m:rked and rand nlv selected pl:nts f)r which tih leaf Ior fruit) position is known or 

approxirim:ted. The p)rOgraim arIso COIld he used to ca:tlculate simil:tr p1trameters hased on alny 

Wther\isihle_' dttn:age, due to pests, nutritional defciernc\. etc. The d:rt:r inputs are individual 

leaf area (estimarted directly O)r an arver:ge leOrf-re:-petr-le:rf-positio -per-l(l)t ou :t stand:rrd leaf 

a reat is IISCrl .tsed IiseaIs" severitv qua i ilied as 1ro p) rt i l)f01 letrf :rea diseased, 0)t" tile nu ml er 
of' lesions per leaf. or h:sed (m Il )rslall-I~arr:ttt scores (Berger 1980: j:rns 1971). When the 

disCLse- is (lu:rnt ifiUd Is lesinS d:rta+on aV:.erage lesion :Ia'ea. must he co)Ilectcd. The total 

n11h1er I(fs:tllirng dates, plants per date. :and leaves per plant O- hr.anlch that can he 

included in one plO )t are mnrxi mums ()f 15, 15 and 30, respectively: tile \'alue of e:tch vlrihle 

can he changed as lomg as the prO)duct o)fthe three ren:tins 6750 or less. A data input 

template is pro vided to) enter .l:ital inl tile( rder re iuired hy the progr:tm. 

The disease p:rr:umeters ca lcul:tted were current, curmulttive :nd intrinsic propOrtior)s of 

leaves or Ie:tf :rrer \\'it ho)ut and with disease, and area and pro pO rtiom of :rea under the host 

growth and diseatse pr grtess curves. The current rre the sampling entities (leaves) attached to 

plant, the curmultti\'e :ire t )t!rls since the Iegirlning of mrteaIsurem_ent, and the intrinsic is the 

proportion Of* asymptote ()0 maxirnuml leaves l'oirnued. 'he cumula+ttive a.tnd intrinsic c:tegories 

were suhdivided into fo)rmed, fell mind removed. The t )rrned atnd f'ell are the entities that 

appeared and have fatllen since tile heginning, respectively, whereas the remoal is the sumr Of 

cumula.ttive entities f'ell anod tho)SC currently diseased. From the removal data the healthy host 

area can he derived (I1IA = I - pro)portion of host area removed). In addition, the reduced 

data. the totals per plot and leaf' position, ca1n he used fOr the c.tlculattio)f of various other plant 

pest-disease p:rameters. 
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MULTISPECEES SIMMUTIONS: 

PROBLEMS AND APPROACHES 

ROBERT CAiI)\V I. 

University of Ilavaii 

The state-of-the-art in crop simulation models does not account for the biological diversity 

found in f'linrers' fields. Insects, weeds, and ain array of beneficial and pathogenic 
microorganisms join crop species to create multispecies crop communities. In many regions of 

the tropics, intercrpping-the prOCIuction of more than one crop in the same field at the 

Same time-is the normll lntercrOps can be complex, with , dozen or more mnlaged cultivars 

in tfield. 
The complexity off multispecies crop c)Iflmunities is Imotivation for crop modeling. It is 

only through simultion that interspecific interactions, as affected by the environment can be 

defined, and their effect oi crrp yield resolved. Decision support systems based on such 

simulattions sl Uld provide anl aid fo€r crop management. 
Assuming continued growth in the speed and data ha1ndling capabilities o1 computers, 

multispecies simulati ris will be limited principally by the design of their model. Ilow such 

models are designed is problenifal, iscertain approaches will not be workable. Current 

mIiltispecies 1W)dels are ol1Ien designed for specific species combinltions, such aIs a particular 

insect pest Or a palrticular crop. While quick progress can be made on special agronomic 
problems, there are too manmy meaningLul species combinations to model with this approach. 

The problem mushrooIms aIs the nUmnber of species increases: 16 species (a. modest number to 

select from) create over 65.000 possible species combinations. It is clearly not practical for 

research programs to conceptuaflize, code, and validate separate models for each combination. 
Generic models provide one avenue for simplifying multispecies simulations. Tihe go:tl of 

generic models is to provide one mo)del that works for trange of different species, each 

species having its owV\n set of input parameters. Generic models can be relatively simple and 

expandable, perl'Orming muIltispecies simulattions with relative ease. P'roblems canl arise when 

generic models tiil to account for significant species differences. And while aImodel can be 

written for a range of species, resources are often not available to measure the input 
parameters for each species and validate the model predictions. 

Another approach to multispecies models is to make use of existing single-species models. 

These models are often well established, having tlong history of experimentation to mealsure 

input parameters and validate predictions. The models tend to be written by scientists with 

special expertise in the growth and physiology of the species and there is often a commitment 

to support and develop the model. 
Malking use o f single-species models f'or multispecies proiblems as a number of benefits, 

but simply combining disparate single-species models is unworkable. ledundancies, where 

the species models each try to perform the same task, must be resolved. New code must also 

be added for the interspecific interactions not considered in the original models. 
Two tecliques can help in the process of' building multispecies models f'rom existing 

single-species models: the use of a systems hierarchical structure for model organization and 

the use of object-oriented programming. Ioth these techniques have been used in the 

development of CropSys (Caldwell 1990; Caldwell and Itansen 1990) and AGSYSTEM 
(Caldwell 1990). 

CropSVs is ,Isimulaltion model for mtinze/soybean cropping system. The model wavIs built 

from CiRS-Maize V.2.0 and SOYGRO V.5.41. Code for the single-crop models, written in 
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FORTRAN, was broken into small sIibmodels and reorganized within a system hierarchical 
program structure. hFilestructure places code and data for solar geometry in the WORLI)
sublodel. Weather files are read in the I.ANI)SCAPI." sulbmldel to accommodate the effects of
terrain on data measured at off-site weather stations. ,\luch of the critical code is in the
ECOSYSTFEM sulmodel: the energy balance, nutrient balances, and prima ry produlctivity. The 
primary po)ductivity function carries OUt much ( )t the growth ca lcuLtat)ions of the original
single-species models. Calculation for competition occurs in cOde located in the COMMI'NITY 
submodel. CropSys is designed to work with IBSNAT's Decision Support System for

Agrotechnology Transfer (I)SSAT), and 
runs on I..\ I-compaItible microco(mpLIters.

CropSys is cuIrrently restricted to maize and soybean. This limitation is principally he
result of the FORTRAN language. To explore the possibility of' more generalized multispecies
simulations, ohject- )riented programming \Vas used to develo p AGSYSTINM. AGSYSTI .M isable to dynamically allocate memor, for each species in a community, permitting an' number 
of species (within the basic limitations Of the colmputer hardware and 0)peratilg system) in afield. AGSYSTI.M, like CropSys, is organized around a systems hierarchy. In the same way
multiple species can be simulated within the cummunity, Other hierarchical levels can also

contain multiple components: Iulhiple fields in a farm, mutthiple fairms Oin 
 a landscape, and

multiple landscapes in a simulation. AGSYS''.\l was written in the AC'IOG
R,language and runs 
under Microsolft \Windo ws on IBM-compatible micr computers.

Both CropSys and AGSYST',\l provwide a foundatio t r muLhispecies simulations. They
create frameworks under which independently validated submodels can be linked with other
submOdels. ,.n approach such as this is required if we want to sinmlate communities in which 
a range of different crops, weeds, insects, and microo rg:anismsi patho gens could potentially by
found. 
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SPoRE DISPERSAL OF PYRICULARIA ORYZAE IN RICE: 

A SIMULATION MODEL 

S. Koiztmi 
National Agriculture Research Center, Japan 

A model was developed to simulate the dispersal and deposition of spores of the rice blast 
fungus, Pl'rTctl)aria(ol'Ztle within and above the rice canopy. In the model, l)ISISL, the 
num1bers of conidiopliores, spores of 1). my.erpcw formed and discharged on and from blast 
lesions are calculated and spore concentration and the number of spores deposited on 
susceptible and non-susceptible leaves within and above the rice crop are simtulated. The 
calculati(n isplerfr )rmed every' hour of a day by using data of distribution of leaf blades and 
blast lesions as well as microclimate data in the rice crop. The "Gradient ransfer Theory" of 
McCartney and ]'itt was used in tile model and the dispersal and deposition of P.(1985) 

1
013,zae spores determined y the modified equation by ILegg and lPowell (1979) and InouC's 
e(uation reported by Suzuki (1969). The hourly variations of calculated concentrations of P. 

YVale spores and vertical profiles of the spore concentrations in and above the rice crop were 
similar to the results reported by Kuribayashi and Ichikawa (1952), Suzuki (1969), and Ou et 
al. (197). The calculated numbers of P.om',zae spores on horizontal slide glasses agreed with 
the measured ones. The simulation results using the model suggested that wind speed and 
leaf area index (I.AI) of the rice crop affected the concentration and number of P. oi'zae 
spores deposited within the rice canopy. 
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SEPTORIA NODORUM 

IN WHEAT-A COUPLED SIMULATION MODEL 

ANNIKA DIv'imi.E 
Swedish University of Agricultural Sciences 

The purpose of this paper is to present a description of a crop-pest interaction model
 
which simulates a S'p/(ria nlodori-n epidemic 
 in winter wheat. Tihe model is not yet

validited ;nd at as a
present serves frame\'ork for storing knowledge and identifying areis 
that reqiuire moore infor1ati(n. The futur jective is to) use 11le model as COme of tile tools for 
forecasting S. ;iodorin, epidemics. 

Since the relationship between disease loss and disease severity is seldom simple, ind
 
since different environments as 
 affect the ma1ignitude 1Of 
disease model is not satisfictort. lo fill tile pLIrpo)se (Of the moCdel, the ho)st plint has to be
considered as well. in most cases 

well as growth stages loss, a pure 

where the host plant is included in disease models it serves 
mainly as a su bstrate for the pathogen (Teng et al. 1977: Aust et al. 1983; Berger and Jones 
1985). 1h(wever, I'crstudies where disease damage to the crop is included, the crcop has to he 
described in more detail. 

The m o)del presented here consists of Icrop module and a disease module that are linked 
together. It ( perates witl a dlily timestep and is driven by temperattue. daly length, solar

radltion, eviporation, 
rainflill and nuinber of hours when the difference between air
 
temperature for a 
particular [our and deVpoint temperature is <l°C. TIie latter is used for

cilculatiol of leif wetess (Luration. The mnodcCl is written in Turbo Pascll anId can1lbe Rul 
ol
 
inIBM or I,M-cornpitible personal co)mputer. 

Wheat Growmih 
The wiheit nmdule is itmodified version of i model btsed on phlisic development. To

adatpt it for in epidemic calused by a foliage pathogen such IsS. ndoruim the leaf canopy
 
was 
represented as individuatl leif levels (representing the main stem leaves plus ,.ler leaves
 
produced at the saime tine). For each of 
10 levels plus the ear irinitiation, area aid senescencewis simulated. This \wis necessaity to account for the variition of the palthogen's growth rate,
which in turn depends on letf age, alnd to know where the palthogen was present iind to
 
where it wats dispersed. 
 Plant weight increises by calculated net iassimilate production which 
is tranislocalted aid ptrtitioned within the plint. 

Septoria 
A disease module \\;s added to the ibove \vleit module in order to model the S. 

iodorum epidemic. Its main components ire: 
-the life cycle of the fnilgUS
 
-parts dealing with lesion growth 
 ind vertical illOCulUm dispersal 
-weather ind host plant interactions. 

In its life cycle the fingus goes through . llunlumer of development stages which include
delays, i.e., liatency period etc. These delays are simulated with Boxciir trains (Goudrianr aind 
vin Roerlund 1989) and ;ire, in this model, driven by lesion growth rite which is a function 
of temper.tUre. The Multiple Infection Trinsformition (Gregory 1948) and its inverse is 
repeatedly used Ibeteen the Boxcar trains to adjust the number of growing lesions to the leaf 
area availble for lesion expansion.

The occurrence of spore extrusion and dispersal, as well itsnew infections that take place, 
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is linked to criteria of rainflill and leaf wetness duration. I)isease development is simulated on 
each of 10 individual leaf levels plus the ear, and spores are dispersed between different leaf 
layers according to an exponential function. 

Interaction 
Tihe mcodel c:a be run with a range of weather types and initial disease conditions. At 

present, the effects (o ldisease on the host plant and yield are twofold: tile absolute reduction 
ph()t()sNlthesi zing leaf area, and the decrease in the photosynthetic efficiency of remaining 

living tissue. The wheat mOCdule sends informatio on assinilating and senescent leaf area of 
individual leaf levels and their cinges over time. to the disease module, aid the disease 
mOCdule rettiirs infc rmat iorn n diseased leaf area in different developnent stages (Of the 
)athogen's life cycle to the wheat RC)duLe. The structure Of the Model enaibles any other 

effects to be included in the future. 
A coupled crO(p and disease model has several uses apart from prediction of disease levels. 

It is a ilca ns of"integrating kn)wledge and identifying new research areas. l)ifferent 
interacti( ns between disease, host, and environment, stuch Isthe dynamics of economic 
tihesholds, C bn Since tie model predicts grainl yield, it can improve the 
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be studied. 
understanding and estimliti(m of yield )ss. Finally. coupled models can serve Istools for 
wo(rk on diseatse management and risk analysis. By coupling disease, crop and environment 
into one mo)del, we have aImeans f)taking a,more holistic apprcoach to the concept of disease 
Ind crop interaction, and a way to gatin more insights into 1,mv tile system works. 
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IMPACT OF PESTS ON CROP'S: 

SPATIAL ISSUES 

GAREH HI "(;Il:s 

University of Idinburigh 

IBSNAT crop nmodels "a.ssumie1t- nlil'orml rOW spacing, plant coUnt and seed depth. If
 
Uniformity is n()t maintained, then sinmkiat ion results may not compare well With actual
 
experimental resuslts (IBSNA'I' 1988). 1l oe'er, 
 it is well known that pest attack on crops is 
usually patchy and resulhs in ilTegLIlur plant losses (J( nes Ct al. 1955). What is the effect (Of
such pest inflicted patchilss aind h()w) an it he inc()rp()rated into crop l()ss assessment 
models? 

Two types Of field experiment can help characterize the effect of patch' pest attack on
 
crop yields. In (One, a range (Of plant spatial patterns is inc()rp(rated in tile experimental

design. For example. "h )mlson (1956) 
 sh()wed that as the \'ariance of the freu(eLClC\'
distribution of in-r(A\ spacing increased, at cOlnStlint pla nt p()pulat i n density, yied f"sugar
beet crop decreased. Generally, this effect tends to he greater at smaller densities rather than 
it larger delnsities. Sich expterinlts can ht regaeltd as field simulati(ons (f paiXhy pest
attacks. Ano)ther type of' experiment which mayI' e Of interest is One in which tlt' crop

(perhaps ihladvertenltly) actually suffers 
a pest atiick. Ilighes Ct al. (1989) chlii acterized tile 
fretIueLncN distribUti()n ()f ill-r( w spacing fr(m SLch a ICrp, and sh()wed tliht yield lksses with 
decreasing plant p()pulatiO(n, dInsity', and I patchy spatial pattern Of plants, we!e na()ie se\,t!*
than with decreases in density which did nOt inv'OlVe disruption of a regular spatial pattern.


TO place the effect (Ofpatchiness On the relationship between crop yield (Y) and plant

population density (I)) in a nre general 
Context we can start by writing: 

Y -- f()) Ill 

where fm'()is often a nonlinear (concave) function of, tile forl (I)) = l)/(a + hI)) in which a
 
and b) are 
parameters (\Vily-Jand I leath 1969). If the plants are distibibuted more or less
 
unifornly, we can estimate 
 ' b), first estimating 5 and then substitLuting this value ilto 
equation IlIl to calculae f'(1). Ilo\Vever, if, as the result Of a pest attack, the plants are actially
non-uniformly distributed, tile' characteristics (of f(l)) cause this proccduI' to lead to an 
overestinmte of yield. We shoul insteaid estinmte T by calculating: 

D(f) = _(I),)r(L),) 121 

The (IutestiOn now is how to use this result to quantify the effects of spatial heterogeneity in 
crop loss assessment models vidlouLt making excessive demands for illput data. 

If a spatially homoligellLs f(L)) is knox\ n, the effect of spatial heterogeneity can he 
silulated by substituting an1 explicit statistical distributio ) for Pr(l) in e(luation 121. In one 
such example, I lughes (1988) Ised tile beta distribution, vaying tile parameters so as to 
obtain estimates of crop yield at a r'alle Of' alln plant pIpulation densities and thi'ee different 
levels of aggregation. Tihe resltils ()f this sillulation Were conistent With tile Slggestion that 
compensatory growth by a crop after i pest attack is reduced Is the paltterll Of crop injury
becomes incr'easingly aggregated, so pr(viding a quLntitative basis for the conceptual mnodel 
envisaged by Jones et al. (1955). 

erranldino (1989) presented an approximate method for the resoltion of' equation [21 
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based on a TaVlor-se'ies expansion off I),) albout ()): 

f(l)) = f(-) + f (1)) (s 

Thus RI)) is equal to f1()) plus tCorrection factor which has the sign of f_ (ID)(negative for a 
Concave I(I))) and which increases in albsolute value with the variance of 1) and the degree of 
no n-linearit l This method usesthe functioin. the data directly and does not depend on any 
fitted distribut i t(i describe Plr( ),)Ferrandin(i (1989) demonstrated that the results were easily 
calculted and re aly ICCirate. 

A rather cdifferent type (t" spatial(lv hetergenlelOus crop loss assessment model has recently 
enl Out~ll-InI llughes fl. This inlv\'\'es expressing thte[-I( yield loss uret (1989. Unit 

pest injIu rv as a lu nct ioi )f Inl index of aggregatii)n, vhich ii turn is expressed as a function of 
the mean level(of pest injury. The simplest case is: 

dl d(I= c 141 

in which I is yield lss, L is mean level of pest injur', C'is a proportiiona lity constant and I is an
 
index Of spatiaI pattern which increases with increasing aggregation. If we can write I = l(q),
 

=
e(lclati inn I.1i be integratecd to give a loss assessment the t 1 f(l), whichma\ model Ofin 1rm ( 
accounts implicit lv fOinrpatchiness. I lughes (1990) 1has shcown that when pest injury is expressed 
on an incidence scale and I is the ratioi (of (lisnrI'ed to expected bin iomial variance, 
I cal be written in terms oft the incci)mplete beta-fulction. 'TChe resulting loass sessment model 
may Ie linear or sigmc id,depending on the value (f Ina parameter which varies with the spatial 
patten of plant inury. 
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PEST EnEcrs
 
ON CROP GROWTH AND YiELD
 

H. PISCMI.Tllr, P.S. Ti.\G, \ND J.Yt N 
University of Hawaii 

The development of modern integrated pest management systems requires that the effects 

of pests and diseases on crops be quantified and predicted. This can be done by either using 

empirical danage functions, Or by coupling pest effects dynamically with crop simulators. 

Empirical damage functions quantify the "overall-effect" of pests or diseases on crops. 

They are nmost often based on regression approaches and therefore have limited applicability. 

They relate, sometimes in combinati( with crop varialles, temporal feattIres and the 

magnitude Of' disease- or pest progress curves tO yield losses. We can roughly distinguish 
between singl . predictor models: single critical point, and area-under disease- progress-cLI'rve 

mo dels, and multiple predict)r mo )dClS: multiple critical point, and response surface models. 

EFmpirical damage functions are discussed in detail by Madden (1983), Teng (1985, 1987, 
1988), Waggoner and Berger (1987) and Walker (1987). 

The uie of cro)p sii lu lat ors represents a mechanistic, physiologically based approach to 

predict pest eff'ects oin crops. It can thIs pro(vide insights into the mechanisms of growth and 

yield reducti n and has potential applicability across years and locations (Boote et al. 1983; 
Rouse 1988: "''eng 1988). This approach re(luires that the pest population level be (quantified 

:it any given time and linked to a crop simulator. But before simulating pest effects by means 

of crop models, "coupling points" have to be identified, i.e.. the processes and pathways, 

where these effects specifically ;Aku place. Charles-Edwards (1982) pointed out that pests can 

principally affect the physiological determinants of crop growth: amount of intercepted light, 

light use efficiency, partitioning, rate )f"dry matter loss, and duration of plant pr(Oductio n. 
Acc,:ding to Boote et al. (1983), diseases and pests can generally he classified based on the 

type Of damage they incur on carbon flow and/or growth processes of plants, such as: stand 

reduction, photos', othetic rate reduction, leaf senescence acceleration, light stealing, assimilate 

sapping, tissue consumption, and turgor reduction. Based on these specific damage effects, 
the corresponding physiological pest-crOp coupling points can be defined. Other coupling 

points such as respiration acceleration, transpiration en'iancement, and leaf appearance 

reduction were identified by Rouse (1988) and Rabbinge and Bastiaans (1989). And, finally, 

Johnson (1987) has noted that there are only two major ways, in which pests can affect growth 

processes and that is: by altering the radiation interception, and by altering the radiation use 
efficiency. 

One of the first coupled pest-crop model to be reported is that developed by Gutierrez et 

al. (1976). These workers also gave an example of consistent work by coupling different pests 

to the same cotton crop model (Gutierrez et a. 1975, 1977, 1983). Other examples of such 

consistent work are provided by johnson (1988), johnson et al. (1987), and johnson and Teng 

(1989) for potato; and for wheat by Rabbinge and Vereyken (1980), Rabbingc and Rijsdijk 

(1981), Rabbinge and Bastiaans (1989), Roermund Ct al. (1986), and Rossing et al. (1989). 
Adams (1987) coupled a detailed, physiologically-based powdery mildew model to a sugar 

beet crop model, and the complex effects of aphids on wheat were modeled by Rabbinge and 
Vereyken (1980). 

An example of coupling two pests to the same crop model at the same time is provided by 

Alocilja (1989), who coupled a leaf blast and a leaf folder model to the CERFS-Rice model. 

The same crop model was used by Torres (1989) to simulate the effects of rice leaf blast. In 
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his example, the yield loss caused by panicle blast was predicted by means of an empirical
damage function. In most of the above mentioned cases, only one, rarely two or more 
coupling points were used. Most frequently, tile coupling points used were tissue 
consumption, followed by senescence acceleration, turgotr reducti n, and assimilate sapping.

Coupling pest effects to crop simulators can be useful f0r studying various aspects of pest
crop interactions. For examiple, Johnson and Teng (1989) coupled a disease progress model 
for early blight to a model for potato growth in order to examine tile relative importance of
different epidemiologyical parameters, and how changes in certain features of the epidemic
development wVould affect the crop. Their results sho)wed that leaf aiea index and final tuber 
yield reacted sensitively to the time of the epidemic onset and the infectiom rate respectively.
Boote et :I1. (1983) who cOupled a Cel'CosI/x)M leaf spot moC)del to a pea nut crop model,
demonstrated that tile light use efficiency decreased, as the disease level increased. Moreover,
they could show how specific pest ef*f'cts, such as senescence acceleration, self shading, and 
toxicity contributed to the total effect on photosynthesis. Similarly, labbinge and Vereyken
(1980) traced back the total effect of aphids on wheat t( more specific effects, that together
explained the 'ariation in dr)' matter production better than each one singly.


Clearly, co uipled pest-cr )p models can 
he poweiftil research tools f'Or identifying and
studying pest effects on cro ps, as well as for simulating real time conditions. They can thus
 
serve as ad\visory tools t'O r better decision making. 
 Fven though recent progress on this matter 
has been considerable, there is still a lack of qltuar titative int'r)imat ion regarding pest effects on
different crop physiological processes, the proportionality of these effects, the interactions 
anong several pests, tl,e combined effects of these interactions, as well as regarding tile

effects of control measures, and tile fictors affecting crop resistance. Further needs also
 
involve finding a common 
language among researchers regarding tile physiological base for 
coupling, validating coupled models across years and locations, and defining the linimm
 
data sets requii-ed to run coupled models.
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GHLSIM: 
SAHELIAN GRASSHOPPER/CROP Loss SIMULATION 

LEONARD 	 B. COOP AND BRIAN A. CROiH-' 
Oregon State University 

Grasshoppers and locusts perodically cause dramlatic losses to crops and rangeland in the 
African sulb-Saharan region known is the Sahel. The GIILSIM modeling system was created, 
uider contract with the .S. All) Africa Bureau, to provide decision makers a means of 
estimating feeding inju and economic losses by Oedaleus sencQqalensis (lKraLuss) ill millet and' 

sorghum 	grown in the Sahel (Coop et al. 1989). 
GIl LSIM consists of separate submodels for pest populatio n dynamics, CrOp injury 

simulati(n, cConomnic analysis, and iggregatiol of results firoln multiple sites. The modeling 
system also includes a pull-doXl meiu user interface, data base entry screens ftr field site, 
insecticide, and Cr p data, and scr'eells f'Or eltl ' of runtime and beiavioral analysis options. 
Outputs include dates Of major crop stages, predicted yield losses, treitment benefits, and 
I)eleit/C st ratios. Grasshopper dynmlllics are simulated by an expansion of the PRIFAS OSE 
biomo del (Launo is aid laullois-lulng 1985), and are initialized using density estimates from 
field surveys. SpatiaIl resolution is site-specific as determiIed from field surveys an1d nearest 
weather station data. Yields and planting dates may either he input into data bases or 

estimated by a soil water-balance model (FAO 1986). Benefits of treatment tactics are 
estinated by simulating ho)th a treated and a n:)In-treated populatiol an1d cc lMpariig resulting 

yield redLucticons. Second year I)eiefits of" trealtment are estimated by breakeven analysis of 

potential damnage fioim firial eggpc)d densities of treated and non-treated grasshopprs. 

Crop loss inl GI IL1.M \'. I.0 invlves iccumilulaitilg crop injury units ac'cordilg to 

grasshopper stage-specific densities, dry latter coIL)sumptiol rates, crop preference factorws, 
and crop growth stage-specific susceptibility factors. GI ILSIM was used to analyze the 1987 
late-season (phase II) grasshopper contr(ol operation at l-i sites in Chad (Coop et al. 1989). 
Yield increases from grasshopper treatment ranged from 0 to 323% (T = i7%), with densities 
ranging from 15 to 75/n12 (.- = 32,"m). Favorable beniefit/cost ratios (-. = 4.2) were estimated, 
while treatment dates were estimated to have been ca. 5 days later than optimal. 

Although the injury unit approach is adequate for estimating direct losses to the spike, it 
cannot easily handle the dynamics of earlier crop stage defoliation. A crop growth mcdel was 

selected for ise in GI ILSINM V.2.) to moe rel isticay simulate early crop illiuy aind 

subsequent regrowlh unlder ai variety c) environmental stresses suchI Is drought. ClIREIS-Millet 

V. 1.99 (1I1)C 1989), like other ClIRES models, is intended to silI.late major crop growth 

mlechallisms anywhere in the world, givell crop and soil coefficients and weather data. 

\Ve are modifying CERt{S-Millet fOr use with GI ILSIM to allow direct coupling of 
grasshoppers to the crop. Other changes ire being mafe to allow CFiRES-MilIet to run in a 

batch environment, to use a weather data p-Creprotcessor to convert from tile available 10 day 

(dekad) average data into dlily data as required fb the CERIS models. Simulating 

grasshopper impact to mainstern and tiller leaIves durinilg leaf growth stages involves daily 

removal of leaf area, leaf m11ass, and stored nitrogen in proportion to tile denlsity, amnoull 

con1sumed, an1d feeding preference by each grasshopper stage. In preliminaim defoliation tests, 
and from stIdies with CEIRIS-Maize (Piper and Weiss 1990), it appears that recalibration/ 
reworking of carbo)hydrate partitioning flunctions and reduction of kernel num1ber in addition 
to kernel weight, will be needed to accurately simulate defoliator ilpact. Impact to the spike 
should include i spoilage factor and will be treated as a direct reduction in kernel weight and 
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nUmber. Changes to allow efficient batch processing include a restructuring of input/output
routines with switclialble menus for experiment and treatment selection, top and restart 
routines for allowing dynamic optimization, and inclusion of subfields fhr studies in\'olving 
spatial heterogeneity.

The dekad to daily weather converter algorithm reads the w'eaither files used by the OSI'
biom Odel and out puts C1"Ri'S-f irmat weather data. The algorithm is based on tern'p)eurtu re
and radiation difference statistics t10r dry days and rain days and average size of" rain events,
which are generated by a separate utilit\' program using daily historical \weather data. Numlber
of rain events during a dekad is determined by the historic ,i/e o)f'riin ev,_tnts fOr that dekad.
Ratin events are timed unif )rml\- over the dekad. The size of each event is the lean f0r the 
period. Since temlperattLre a ld radiatio ) tend t( be lower on rain clays than cr days, tilehistorical tempeiature and radialtion differentials aIre used to disaggregate the dekad means
into rain and non-rain day meals. This algorithlm was calibrat1ed and tested using data froma
Jo)dhpur. India. The generated data sl owed a bias to overpredict yields compared to the

original data set. Imllprovements will be tested to decrease this bias. 
 Although tile

incorporatio n ( tC"RuI'S-Millet into) G II.lSIM is not yet complete, 
we expect significant
improvements in model predictiVe accuracy and flexibility. 
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ASSESSING PoTEN L EPIDEMICS OF SOYBEAN RUST 

wITH SYNTHETICAL APPROACH 

2

X.B. YANG, W.M. DOWIER' AND T.A. TsCII:NZ 

T'SDA-AIRS 	 Foreign Disease-Weed Science Research Unit 
2USI)A-API IIS 

Soybean rust, caused by PUapsompcch.rhizi, causes significant yield losses in eastern 
hemisphere countries. The disease does not OCCur in the United States but has been 
considered a potential threat to U.S.agriculture. To assess the potential impact of this disease 
on U.S. soybean pr idIictiol, daita and informatioi have been CoIllected thro(ugh coo iperation 
during the last decade between USl)A Forcign l)isease-Weed Science Research Unit 
(FI)W,;Rt ) and the Asian Vegetable Research and l)evelopment Center (AVRII)(C) in Taiwan. 
)ue to the dificult nature of fo Ireign disease study, these data were collected and analyzed by 

different peoIple in different peri(ds with inconsistent objectives. Therefoire, previous threat 
analysis was quintitative in so lIc'h isitwas based (in only somle disease components rather 
tha n the to tal system. 0r pIOiduce iailm was to a disease simula tiomodel by integrating 
available infor mation and reanalyzing the data to provide the information necessary for the 
imlodel. 

As pairt o'the potential impact analysis c()nducled ItII)WSRI', a soybean IlSt simulition 
model, SOYRI 'ST, was developed to incorporate geographical information in the assessment. 
The simulation model is programmed with FOI(I'RAN and riiS both on an IBM nmainframe or 
personal coim)utCr. It consists of a simple soybean leaf growth model (Yang et al. 
unpublished , three disease component models, and statistic and graphic subroutines. 

Plant gro iwt h mOCIdels 	 used toi calculIte the growth of leaf' area (A) of a soybean popIulation 
-
were: A = -353.57 + 3-i.011, -'= 0.89 (P) = 0.0001 ) for cultiVar TK 5: and A = -332.68 + 20.1t + 

0.71t 2 - 0.005tl. R"= 0.92 (11= 0.0001) fOr G 8587. The models were developed based on 

extensive data fro im secluential planting experiments consisting of 13 different planting times 
throughout the year in Taiwan. The t is tile su1 of physiological Clays for plants (Di) 
calculalted from diily average temperat Lire (') Using equation is: 

1), =(T - ), - T ) if T < T or ) =(T -I T, - 'I,) if T,> I 

Leaf' area of, a plot was calculated after multiplying A by the nulmber of plants/plot. The baisic 
simulation unit is site of infection, equal to nmximum size of a lesion. The number of 
increased sites per day is calculated by dividing increased leaf area (cm2 ) by the size of a 
disease lesion. 

Equations describing environmnental effects on disease components were developed by 
reanalyzing published data (Marchetti et al. 1976). The infection rate (R) Wis successfully 
predicted Using dew period (I)) and temperature (I) as independent variables. The model is: 

R = 0.293 - 0.0391) 0.11ST + 0.0111 ()1), R = < 0.0001.-	 0.88, 1P1 

Two thresholds for infection were established as ) > 4 hr and T < 27 'C. The time required to 
complete the latent period \is described with al exponential midel Using accumulative 
physiological days for tile pathogen (t)as an independent variable. The model was 
developed by reanalyzing data from Yeh et al. (1982) and is written as I_= l-exp(0.302 (Q
6.35)), 1 < 0.0001. The progress rate of a disease lesion fi'om infectious to senescent was 
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developed using tile same method and described as: 

R = I exp(0.306( t - 18.51)), 1)< 0.0001. 

The simulation model was validated ill two steps. First, it was extensivelv validated and
calibrated with data from two sequential planting experiments consisting of 72 planting dates 
at weekly intervals during 1980 and 1981 in Tai,\an. Two susceptible cultivars TK 5 and G
8587 were used. Epidemic development of each planting was rated 8-16 times and each
epidemic had a different environmental window because of differences in planting (late. The
model was driven Using Weather data frorm fields, and the predicted severities were plotted
and regressed against the observed data. Two parameters affecting disease development,
lesion size, and maXimumt.lll day temperature, were calibrated based on previ us data (CMelching
et al. 1979). The regression coefficient (13, and 131) and coefficient of, determination (1r2) were
plotted against their expected values by year x cu ltivar co)mbiniltion to examine the variation 
pattern. Tihe expected values of 1,, l1., and 2r- were 0, 1, and 1, respectively.

The model accurately reflects the effect of environment on disease developnwnnt as shownby the results that predicted epidemic curves had similar trends to those observed, which
varied from season to season. The epido..nmic onset stage varied from 25-6(0 days for TK 5 and
50-80 days for G 8587 af ter planting. The epidemic reached the maximum 75-95 and 100-120
days after planting for TK 5 and G 8587, respectively. The accuracy of prediction of disease 
onset stage was dlemonstrated by 'alues of j, which were close to Zero with a deviation of
less than 10% during the planting seasons. The consistency of predicted disease severities

compared to the observed in regular planting 
seasons was slhwn by the values of r" and 13
which were greater than 0.85 "Ind 0.9, respectively. For epidemics (luring 1980 presummer
(Day 80-150 for TK 5 and 80-180 for G 8587) and winter planting (l)ay 0-.30 and Day 300-365),
results of prediction were not as good as those from normal planting seasons, shown by the
lower r2 and 131. The deviation between expected and calculated coefficients was less in TK 5
than in G 8587 during these periods. For the results of 1981, the deviation of presummer
planting was less than those of 1980. In general, the results with TK 5 were better thm those
 
with G 8587.
 

The second step of' validation involved running the model with data not used in model

development. The data were 
from resistance screening experiments conducted (luring three

regular planting seasons 
(luring 1979 and 1980, using the same varieties. With these data, the

model successfully predicted disease development. 
 Times of onset varied from 25 days
(autum11nn, 1980) to 50 days (spring, 1979) after planting; the onset time was accurately
predicted by the simulation model. The predicted disease cuIves fit the observed ones closely
although the epidemic period of three growing seasons varied from 65 days (autumn, 1980) to
95 days (spring 1979) in TK 5 and 80 to 112 days in G 8587. However, the simulation model
often underestimated the disease development after disease severity was greater than 90 %.
For G 8587, results of the summer planting had greater deviation between calculated and
expected coefficients than those of TK 5. )isease severity of' G 8587 was low iki 1979 clue tothe existing resistance of the cultivar to the rust pathogen'. The simulated disease, seveities fit
the observed reasonably well after multiplying a correction factor of 0.8 to the inf ction rate.

There are several sources of variation which the model does not explain. Variiition may
be from the initial inoculum which was assumed to be constant for all the plantin times. The
soybean plant growth model used in the simulation model was merely empirical, which does
not include the plant photoperiod reaction. Photoperiod reaction of plants may be a source of
variation. However, these variations may become measurable by coupling the disease model
with a soybean model which simulates plant growth at the processing level, such as SOYGRO.
For the purpose of assessing potential rust severity in the United States, this simulation model 

33 



may he sufficient to reflect the effect of geographic difference on disease development. If the 
seasonal environmental differences cn he related to geographic differences which influence 
disease epidemics, it appears the model may he able to take into aCCount the geographic 
difference and. therefore, have the potential applicability for impact assessment. 
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COUPLING A GROWTH MODEL 
TO A PEANUT RUST MODEL 

S. S.,\\,\RY 

\Vageningen Agricultural Lniversity 

Introduction 
Peanut rust and leaf spot are two major fOliar disC',ses of peanu1t in western Africa. A first 

ittempt VIs maide to IlilCl , simulaltio) model for peani.it rust whicl is a newcomer in this 
part of the world. Tiis work Wits unlertlken Is Il'Jta()f cooperative project between 
ORSTOM (Office de lia ScienltifiClue et 'l'echnique Outlre-MNer), and tile WageningenRecherche_ 

Agriculturall (rniversity (Savai) et al. 1990).
 

Structure of the Model
 
The systelm under2 study is a,s;Lua.re lme~te_'r Of peinUt Crop infecte(l by 
rust. The time step

usCd is one climlatological lay. I)rocesses witih time coefficients smaller th'n one dlay are 
incorporated into Cail' illplt fCatiures. Tihe model has two m,tin units: crOp gro)wth and
 
deVe!<plmlenit, aind Lust Cl-)ilenic, co )uple(l togethe,r. 
 The lattCr incluCes tWo suIbuLnits: rust 
lesion clevelot-me, adlrst m11ultiplicatiol. In the deCVeloIlllI of tle mo)Cdel, dlue ittentiol)pet. 

\waS given () leafSpO)t. \which affct.s 
 crl) gro)\,'th and1 the rUs Cpidemclic.
 

Tlehe modcl used t() simulate' crp gro )wtlh is S'ROS (\aln ,KCeuler et i[. 1982). [our

categories of orgalls are consiclered: irools, stems, leaves, 
 and pols, represeltecl by their
 
respective d'ry weights. 
 The pal-,ramtCrs usCC \ere estiillltel(l fml'ild data (t1e.g., partition
 
c(o)efficients). Or C llected from1 IitCe, riC.
 

Tihe infection cycle ' pe illlt RIu is simulated i raccoriing to an early Systems lodel by

Zadoks (1971) with fLir cate)gories f sites: vacant, latent, ilfcCtious, 
 iind r'eillOVed lesio ns.
 
I)escriptions )' lesion dcevelOpmet 
 incorporate cultivar" re-sistance chiaracteristics. Simulation 
of the canolp spo ,ec( ntent involv,s tellll'ture a nl culti\r IffeCts on SpO e pl'oductioll,

anld ;a loss of spore due to rain eaching. Three phlases are cnsidered to sila.li1te Spore

dispersalt liiberation, clepositioli, ,ulan Each hal\'ve time c o)efficients Smaller than one
infection. 

day and are incOrp)Oratecld daily 'eitU'CrS. IIIltrtiOl
into ipt U an1(survival )f depopsited
 
spores is also dlscribedl.
 

Coupling 
Coupling the two Units of the model implies: 

a) reconciling the dimensions used in each of them (dry matter and LAI units vs. sites and 
spore lnUmbers) 

b) describing the damage caused to the crop by rust and leafspot, 

c) describing the interaction between host growth and rust epidemic 

d) describing tle effect of leaf spot on the host, and on the rust epidemic. 

The coupling between the host and the parasite submodels is provided by two couplers
(Zadoks and Rabbinge 1985): in the LAI to SITE direction: SITFCO, the numbler of sites per LAI 
unit, and in the SITE to LAI direction: PSIZE, the leaf area occupied by one pustule. 
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Two rust damage components are considered: a reduction of photosyntheticaIlly active leaf 
area, and a flow of carbohydrates used for spore production, which is directly derived from the 
net photosynthetic rate before any partitioning to the growing organs. Three leaf spot damage 
cC mpcnents are CC a ofr active leaf area,)sidered: reduction photosynthetically defoliation, and 
compensatIion fo r (Ideloliati(I. 

Crop growth afects the rLIst epidemic in three ways: the trapping surface oftthe canopy varies 
with its ILAI, caminpy groiwth makes new sites a'ailable for infection, and defoliation reduces the 
in(Ii0lnt Oif aIVailahl e and occupied sites. 

M\ultiplication and radial growth of CLrcspo)ra lesions leads to destruction of occupied sites, 

which is represented by additional terms for the rates of rust lesion nmortality in their various 
stages. This effect is superimpoised on that of defoliation. 

Model Performances 
lIvalua1tioin of the model inv iives verification runs, and comparisons of model outputs With 

observed data (Teng 1985). 
Variations of the daily multiplication factor (Zadoks 1971) and of the pustule spore content 

with varied weather cinCditions were found to correspond to the rules introduced in the model. 
Both variables are in ha lance, within a range of valuks which fits estimated \ales in the field. 
Various CC lmlinati( ins for the values of the varietal COCefficients produced a hierarchy of 
components if'resistance tcISwvhich coirresponds 10bserved results from a range of peanut cultivars, 
and agrees with previous simu latilin resu ltsusing Similar system designs for the pathi)gen unit 
(Zad ks 1971; l'eng et a].1977). 

Simulated out puts were compared to actual data representing three sepatrate epidemics, using 
the living leaf areat index and rust severity as reference va'iables. The similarity between 
simulated and obser\ ed cur\ves, with respect to the timing of* the peaks, the day of epidemic 
upsurge, and the slope Of the curves, is encoranging. 

In view of its relative simplicity, the performance of this peanut rust simulation model may be 
considered to comply with the requirements which should be expected from a preliminiry model. 
Several improi'ements, especially in the crop growth unit, may be considered to increase the 
explanatory value of the model,and allow its further development. 
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INCORPORATION OF DAMAGE MECHANISMS OF LEAF BLAST INTO THE
 

CROP GROWTH MODEL MACROS.
 
L:\.I.,II.IT BA\STIAA\NS'-

Wa eningen AgricultLu'll tniversiry 

S)IIIC \VCll-dO(cuenled gn(\xh ol(delsIC0 rice h:ve been recently developed (Penning de 
Vries et al. 1989: Alocilja 1988). In this stud\, the .ACROS-nodel wais used to oiantify yield 
reducti Cdue to I')TiCI/HIiaI o0)WC h:ised Oil the p:tihogen's effe-c on phint physiological 
processes. This al1pprOach is ch:iracterized h' tilses of" knoXledg(e at tile )rocess level to 
explain phen(menal at tile systems level. 

lPyiculariaori'zl is the causal orgMism of 'ice llast. l)uring tile Vegetative phase of' tile 
rice crO) inlecticn results in the f' )rmatti( n (if elliptically shllped lesions. mainly on the leaves. 
After fl( wering, inlecti( n ()Ifthe neck 0' pits 01* the panriile occur ih'Ihereib directly eflecting 
kernel yield. The pr'sent study a\\"is oin llast ol various lbasic processesoInly the efftect ol* leaf 
waIs sludied. 

A patl gen may interfere with plant growth processes or existing biomass in various ways 
(1- )( te et Al. 1983: Rabbinge Iand ,listi:ians 1989). [or11. l'Z(e oin rice 1'1ur lOPteintial damIge 
mecha nisms were identified. A reduct i in in assim"ilation rate of1 infected leaves is the first 
Inecha inIism. l)uC to) tile i0riatti(in 0f lesions the ph )t( syntletically active part of' the lelf is 
reduced. \With soIIe p:ith svstens this reduction in gree-n leaif area fully explains the 
Ieduct ion in aISsimil.ation 'rte(vIn ROI€erncund ,IId S)itters 1990). 1 iowe\'er, in Otler 
pathoisystems the eftect 0 il the p thogen is not limited to) the lesions (IRabliinge et a l. 1985). 

A second Clamlage mechanism is an enhanced respiration rate. This effect canl Ihe attributed 
to a combinltion of Iungal respiration and ain increased metaliolic lictivityNthe plant. A third 
damnage Inechalism is tilseusef lofhtosynthetically produiced assilil:tes for growth and 
reproiduictio ri of the path(cgen. linally. tile lOngevity of infected leaves may ib shoirtened as : 
result of the pIrsence o1 tile pa:tthogen. 

Quant ification of a1ll these efftcts wO uldIbe toiO time consuming. TherefbOre a classification 
of the da1ma2ge mechanisms on the blsis oft tle"expected contrilution to yield redcCtion \\'Is 
made. First priority was give-n to the reCictiiin of the photo synthetic calpacity of infected 
leaves, since the plth()gCn is a1lile to proCluce toxins anId through this, its effect may exceed 
tile IIoundariesi f the lesioin. TO elcICidate tile rela n between the fra:ctiou of \visilily diseased 
lealf 'rel (severit\') : id reducti( n of" lealf ihotosyntlIesis, mleascuements in the greenlhOIuse 
were done. These lle.sIr'ellleltS CecInstrlted thatt tile inIfluence of tile pa|thogen is not 
restricted to the visibly affected pa t of the leif. In futct, it \wIs shIo\Vn thali the reductiLiot due to 
i single lesion is c)impral-l)le to) elimination of' leaf area, 3 to 4 times larger thanii the lesion. If 
iiore lesions aire preseit the ritio hietween real and visibly affcted leaf area is iedceCL, 
comparablle to the eftect of overlapping lesions. 

Introduction of' this ireducLion into the_ crop growth model \wIs the next step. \Vith tile 
MACROS model, daily crop assiniliition is cllculaited by integrating m iilientane(Lisi-rtes of' 

photosynthesis of' severa;l leaft layers over calopy height and over tile day. M(onlent.aneoLlS 
rates of photosynthesis are calcil:iteC from tile aolnt of absorhed radiation iy the leif layers 
and the photo synthesis-light response curve of' individuail leave'\s. This priceduie enalbles i 
straightftorward introdcluetion of the pathogen's effect on leaf photosynthesis. This effect can be 
introducCd fiy incLuCliiig the eX)eriientally determined relation hietween severity and the 

parameters that describe the photoisynthesis-Iighit res-p )ii,'- curve. 
After intro(ductiol, comparisoil Of ml(odeis results with field ex)erilelltS muILlSt clarify 
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whether growth and yield reduction is sufficiently explained by this damage mechanism. If
this is the case, the model can be used to improve quantification of yield reduction caused by
the pathogen under various circulstances. On the other hand, when growth and yield
reduction is not simulated properly, introduction of another mechanism will be needed to 
increase correspondence between simulation and field experiments. Collection of data for
 
validation thus continues.
 

Results of mo)del calculations indicate that an epidemic in the vegetative phase 
causes I
reduCed formation of leaf and root dry weight. I lowever, the effect on final kernel yield is
negligible as long as the green area index around flowering exceeds a value o)f four. In
situations with ample water and nutrierIts, such aIvilue can only be reduced through very high
severity levels. Further, the model shows that an epidemic which continues after flowering
affects kernel yield directly since a reduced supply of assimilates in that phase reduces kernel 
filling. 
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CAN PESTS .NDCROPS BE MODELED 

wrm STANDARD METEOROLOGICAL DATA? 

EI.i/AIz,'riiA. GRASI. 

University of IIavaii 

How Weather Variables Relate to Each Other 
The relationship between \veather variables is appairent when an expansion of the energy 

balance is considered. [or examnple. cloudiness reduces incoming solar radiation which in 
turn reduces energy a'ailable for warming and hmidifying the air. In addition, clouds may 
be associated with rain anod increased luImidity on later ,ys. Durilg the day a dry surface 
Will be heated and warm the alir. but Sul))ly little ,ater t() the air. Wind can increase 
eval)orat ion rates ifwater is aailaI)l0, but increatsed mixing aIso keels near-sturlfcC humidity 
and temperAure , to humiditand temperature further aboe\'0,imilar the .surf,ICe. 

It is useful o express huImidity in terms which don't change much with other we ,her 
condia.ins. 1k,atiVe humidity Vaies greatly as temper:tue changes during the daiy even 
with(ut clanges in the aiet)unt of)\vater in the tir.Consequently, vapor density, va)or 
pressure, or dew point tem peirture are Ir'ef1rable to relative humidity for man purposes. 

Strategies for Filling Missing Data 
There are nlo statndard metllOds fir filling in missing data. The following questions can
 

guide selection 1a strtettgy for filling datat (losendahl, Schroeder, and Tagamori, personal
 
comrnuticat i( l; Cal ifkrnia Irrigation Management Infornation System):
 

-Is data missing becaRse of a meteorological extreme such as lightning? 
-I[low much data is missing, hours, (lays? 
-What type of measurement is missing, periodic, aperiodic? 
-Is the v"alue needed for long term cumulation or averaging or does the 

individual value have significaince? 
-Are there known air mass changes? 
-Is the vahlue a minimUm o maxill.m? 
-is simultaneous data available from other sensors at this location? 
-Are there nearby sensors at this location? 

For periodic values such as temperature, hmidity, evaporation, and sometirnes wind, with 
a diurnal cyce, the a-)proach depends on the amo.int of inissing data (in order of accuracy): 
1) Estimate a smo )th curve for the cay; 2) correlate with a near'by station for the same day; 3) 
Use data frol a nelr day for the station; -I) Correlate data from a near day for a nearby station; 
5) Modify the average year values for this y'ear; 6) tse values ftrom an average year. 

Nonpe"iodic lata such as rainftll is best estimated from nearby stations using a correlation; 
however, thundersiorm-s, for examnple, can be non uniformr|. 

Weather Station versus Canopy Height Measurements 
and canopy 

measurements because of a number of' causes: I ) local variability from topography, land use 
changes, wind bIreaks, etc. (State of 1lawaii 1982); 2) rapid changes in conditions near the 
surface overiheight and time (Rosenberg et al. 1983); 3) l)ifferences between plant and air 
tenperatures due to transpiration, etc. (Oke 1987); 4) Great, small-scale spatial variability in 
within-canopy environmental conditions (Graser et al. 1987). 

I)ifferences occur between \weather station data., collected for exanple. at 2 im1, 
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Calculation of Leaf Wetness 
Condensation depends on the leaf energy balance, which in in expanded form is: a(l+r)S

+ ak'F... ' )'j- 2elR&TI.., ) -2K, , (TIv, , _ * i)/[0.4( //v) 2J _ L2D . --(qI,,r)/[0.4( 1/0,) 21= 0 

(see Nobel 197,4 for variable names; Monteith 1973; Goudriaan 1977) for a thin horizontal,
Lipper leaf on the bisis on unit area for one side of the leaf assuming that the boundary layerthickness and rate of water supply is eqtiial on both sides of the leaf. CI( udless riights, high
htunidity, low wind, and large leaves favor condensation by allowing the leaf temperature to
reaich the clew-point tem)erature of the alir. The rate of formation and loss of condensation 
can be calculated b, s(olving the energy balance for the vater-vapor flux paIrt of the latent
energy term. 

a, r, aI. 5, eI , K,,,, 1,0.A, I., and I),, can be considered constants. S, T, q., an v can be
estimated fl'0m hourly meteorological data. Tru ,Tky' and Th..,, (,,,) ire usually unaLvailable or 
require much greater ,ipproxinmtion. 

Is Standard Meteorological Data Adequate for Pest Modeling?
The adequacy of standard meteorological data for pest modeling depends on the project

goals, including the anmunt of detail necessary for the model, and prediction of the pest.

llow close do you need to approximate reality?


Regionml meteorological data can 
be used for estimating average conClitions for uniform
regions sLch :Is water use and growing degree days by climatological methods.

Spatial dlistributi( n of conditi(ns such Is telperature and humidity near leaves in the crop
microclimate, is opposed to in air spaces, can not be modeled in detail because crop models 
are missing processes of transport such as transport of heait and water vapor. Process mlodels
of the microclimate assuLe (e-dimensionlity or neglect non-gradient flow. Withoit spatial
detail, \vhole habitats of certain pests will not be predicted. Process-level models may be
eventually levelopel which are capable of modeling details of the crop microclimate 
conditions which can in turn be run with standard meteorological data.
 

The time interval of data collection is important when crops and 
 )ests are related to
weather paralmeters in a nonlinear fashion. For example, clue to a curvilinear suppression of

moscluito activity with increasing wincl speed, mosquito catches during nights with uniform

winds 
are much less than catches during the nights with increasingly gusty winds with the
 
same average wind speed. Consequently, average night time wind speed 
can not replace
short-interval vincl speedi for predicting how mosquito catch relates to mosquito population. 
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LINKING A MODEL FOR SOYBEAN CYST NEMATODE 

wI SOYGRO
 

S.M. SCH NEIDER 
USDA/ARS Crops Research Laboratory 

Tile subjects of this modeling effort are the soybean plant, Glcine ma.x; as emulated by
the SOYGRO model, and tile soybean cyst nematode, lleteroderaglcines. The plant and 
nematode can each be thought of as a collection of structures linked by processes. Fxamples
of plant structures woul include roots, stems, leaves, flowers, and pods. Processes which
determine the anmunts of each structure are photosynthesis, respirat ion, carbon partitioning,
water and nutrient uptake, nitrogen fixation, translocatin, flowering, etc. Nematode 
structures are the egg, juvenile stages, and the adult stage. The processes which govern these 
stages are hatch, penetration, establishment of a feeding site, development, and reproduction.
Linkage of tile plant and nematode models can be addressed by asking hOw tile structures and 
processes of one organism have an impact on the structtures and processes of the other 
organism. Modeling the dynamic interactions requires the use of mechanistic models of the
plant and the nematode which have been constructed with appropriate hooks to facilitate
 
connecting the models. SOYGRO, one 
of tile IBSNAT models, has been documented
 
elsewhere and will 
not be further discussed here. 

The nematode model, SIMCYST, models the movement of individuals through functional 
stages of the life cycle. Functional stages were defined to maximize within stage similarity and
between stage difference in terms of the interaction of each stage with the plant. tEgg,
infective juvenile, parasitic juvenile, and adult were chosen as the functional stages. The
second-stage juveniles were divided between the infective and parasitic functional groups
depending on whether or not they had established a feeding site and begun feeding. Second
stage juveniles which were feeding and the third- and fburth-stage juveniles were grouped
together into the parasitic juvenile stage. The second-stage juveniles which had not yet

penetrated tile root and established a feeding site were classified 
as infective juveniles. The
 
egg and adult stages matched the morphological stages. The functional stages were each

further divided into substages to facilitate distributed development of the population. Each
substage in the range of 70 to 130% of the mean duration for that stage was assigned a value 
for the probability of maturing to the next stage. The probability was calculated from an
Erlang distribution based on the mean and standard deviation for the stage duration. 
Substages younger than 70% of the mean were considered too young to mature to the next
 
stage. 
 This method simulates the variability of (levelopmental rates observed in natural
populations. Penetr:tion by the infective jUvenies i . not a developmental process. The
 
youngest individuals have the highest probability of -'uccess 
 which then drops off rapidly with 
age. An exponential function is a better descripto, of this p. .cess than the 'rlang function.
Survival is distributed over tile sublstages by applyng the "nil '" ioot of tile whole stage survival 
to the exit of individuals from each sulstage where "n" is the r-,mber ')f substages completed
after the mean stage duration. An individual which matures fastr thlan t ,e mean, incurs a
lower mortality factor, whereas a slower developing individtai has a higher mortality rate.

Linkage of SOYGRO and SIMCYST can be accomplished by (idantifying the interactions of
the structures and processes of each organism with the structures and processes of the other.
The nematode must divert sonme of the available carbon for its own growti and reproduction.
The position of the nematode in the priority list for carbon partitioning must be determined. 
Less carbon will be available for growth of any plant organ lower on the priority list than the 
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netllocleC. Tile 111(0Lu1lt (Of"carl)(l dmlcanddCl by the nemat(de will be a lflctio n (f tihe totail 
nemllatode! 1)(I)pulallti(nl iill ile 1r001 1itnd the P()ptl'atioll lge StructurC. Nitl'(igCl Iailance' can he 
str( ngl aliected by the neatll icl. CIl()lizati(il 0' tihe r(Oits by nitr( rll-iigbacteria cal 

Cndng 
plint-variety cvst-ncnlltdcle-race ciiiliin. Tihe hlipact 01' the nmlllat le (il calrhin and 
nitr(Ogeln bala ice's a )rincan act't'tIl l(' irmaln. (0i* the ct iminlll(i ilre deld vmlpt( is such 

Plant 11lll 'a plant's 

ibe S11ppreCssecl Lip to (1I) lCl tile in'Matodc I)OI)Lt(ilin lCvCl and the particular 

as chlor( Si.S,stIntintg. alnC IceClicdCC stlndl. he'altstZtus is a.Sti(OI inldicalor (Il 

ability to ;ll) 1t tolC pipLlltioin. ChingCs illthe plant healh sttius will ha\ve anlipporl IanM 
impact onl various Jirs Of' the nCIlitocle life cycle. A l)lalil-lr)PlrduceVd MlIchitlig t'lctoIr 

stilulitCs the Cggs I) hatch. The size Of the hClthh ( nlit vet illfectcf) rlOl 	System determines 

anlly of the ilfective 
teecling site. Resistanit varieties allk)". the nelrlnalticle ti lo'itriet the 100t, but nlt estallish a 

fceding site. lhe nCMiatoimcls ability t clel p aid repriCiduceC- Cpienis tle a1nu110.11t of 

li nv ne\vlv-hitch cd uveniles will he alelC t0 peCiloletatc ainCl set ipa, 

pllOll 


cal-h n available to it igrowth. 
Soile of the in tni in (i Plant nenatocle intctions is currenlyv av'ailale, but 

ge ally in a (ullitative raiher than (quinititativ' I'0 There is still iluch researc'h to he dIonierm. 

in )rder ti ( llain the in Imati(in neecded torealistically link the s yhcan cyst nematcle 

mdecl to the sOybla plant moCIel. 
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MODELING RICE-WEED INTERACTIONS
 

BENxO GR,,I:
 
Institute of Plant Sciences, Switzerland 

Resource competition between crops and weeds is one of the major biological constraints 
to a1gricultural pI)OdLct i(). Althhl0igh increasing cluantities of herbicides have been applied inthe recent past, weed problems have not been eliminated. Therefore, improved weed control
strategies based oin a th( )-()ugh nderstndinl of relevant interact ions between crops and
associated weeds is re(qliired. In this respect siiulittion models may provide fundamental
informati on nigrowtll and develo pment o)1 co)mpeting plants, and allow detailed insight intodvnunic quantitative relationships between compeltitors gro\wing in atn,itura environmnt. 

lere, tie c)mpe'titio)n f'0r light and nitr(ogen hetween rice and asso)ciated weeds is
presented as part (of atrice ec( sVStenjs model. 'lhis model uses dnRgrapl)hic theory and themetabolic pl approach (.lones et al. 1971.i: (utierrez and \ 976: Gutierrez9ang andla~aumlght ner 198-t,.1): GutiUrrez 1988)et aI. to describe carbmon and nitr(ogen dynamics within
and betwxeen pf)Oiulation subu n its oin the saune and different tro phic levels. Three ma in
 
)rO)cesses drive tie dlntmic de\l(pent 
 each p)(>(l pu lati)n :a) Reso)ur'ce (s(olar radiati(n,carbohvdrates. nitrop(en) Wl(isitiol, b) llocaition. and c) ageing and mo)rtalitv (Fig. I ). Two 

processes link the different )o)ulattions and acCounltnl fbir population interactions: resource
 
co,)mpetition. and d) c(luisitiol (Fig. I ).


at)ResOLi1urce IC(luisition fllow,,s 
 an Malogous pattern on different trophic levels and may

generally be considered as a predation pro cess. 
 A generalized form of the Frazer-Gilbert
(1976) functional response olll froml predation tleory is therefore used to quantity' the flowof resO )urces betw,'een difTerent tro phic levels. The ac( iisitior)n rate is described f'unction ofas a
'esoLlrce ava ilability oin the next lotwer tr' phic level, the IerManid of the populati n,anil theab1ility c01' tile p1)pula tiorl to access the resources. ObviOUSh, gains on one trophic level imply
losses on the next lower level. 

b) Reso a! rce al1)catio m within a p)o)pulatitio ) is cclntro()lled by a prii)rit\' scheme. Reso urces
 are no)rmallv used in decreasing )rder 'O)r respiration, repC)duction. vegelative g.rowth, and
 
reselves.
 

cutrs a
c)Ageing and m()rtality of' )()pulaltio subunils o n physiological time ho)rizon and
is siimulated with Itime distributed ilely model ( Manetsch 1976: Vansickle 1977: Severini and

Ba-miiLt (
liner 
1990) to) acco)Unt f'r the v\ariantce in Mean longevity.

d ) Frln : silpl ified poC)int (ftvi\ew I)OIlaLtiitn intl-eratli ons maxZI'be Summl111arized as
predation (see (:)) and ccomlpetition processes. The latter are chaactlerizel )ypopulaltion

ittril)ules which 
 letennine the ability to access resoitlrCes ((iaf e':il. 19901)).


Rice growth and development 
 is modeled by applying the three basic processes of
reSoLurCe aC(luisition (a) 'illication (b) Iageing and mortality (c) (Graf' et al. 1990a ).
Photosynthesis cc)nseCIlentIv canillbe described as a flnction of So)lar" radiaticin (reS(l.i'ce
availability), potential grow)\\'th and respiration rates of* plant subunits (delmandi), and light
intercepltion ( ability to) reso)lirce).access According to the allocation scheme photoassimilates
are used f'ist f'oir laintenance respiration ani, with decreasilg prioIrity, for glrahln, c.lnm, leaf,
root gro\\th and reserves. Carbohydrale supply/demland ratios scale doiwn potential growth
rates which, F)rtheir part, C(introl tile daily inpuLt into theielay riotine. 

Utilizing the samtne cconcept of resoulrce aC(liSition, pIo)tential nitrogen uptake is a functionof available soil nitrogen (resource availability), potential demand f'or nitrogen in newly grown
plant tissue (demand), and root space expkored (ability to access resouirce). N recycling from 
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older plant tissue is taken into account when Computing atctual nitrogen uptake. The ratio of 
current N in the plant to the theoretical maxiluml is a measure of nitrogen stress which scales 
down the photosynthetic rates. 

The submlodel for weed growth uses the same notion of plant growth and is structured in 
a similar way as isthe rice model, including carbon and nitr(gen dynamics (Graf etal. 1990b).
For reasons of simplicity the naturally occurring weed flora is divided into six weed groups
which differ in development, phenology and morphology: Tall ()Ipeicae,small ,praceac'e,
Graminee,other l)oI'ocoly'ledonetae, tall I)ic-ouledo,(eae'tnd small l)icolvl/edolew. Growth
 
and development of each group is simulated separately.


In the model the different plant populat ions (rice and six weed groups) 
are interacting
through light and nitrogen competition (d) (Graf et al. 19901). The average plant height and
spatial distribuition (Of the leaf area, the key factors for light competition, determine the
 
respective share of solar radiation available for each competitor (Spitters and Aerts 
 1983; Graf
et al. 1990b). Root mass and explored root space, the main elements in nitrogen competition, 
are used to establish the partitioning pattern for available soil nitrogen among competing 
plants (Graf et al. 1990b).
 

l)ifferent data sets were LIsed to 
 validate the rice-weed competition model and its 
components. Field data on growth and development of IMK 31 (a local rice variety frIlom
Madagascar), IR 58 and IR64 (high yielding varieties from the Philippines) allowed the

validation of the 
model with respect to carbon and nitrogen dynamics in rice \\ithout weed
competition (Graf et al. 1990a,c). The model proved to have a sufficient validity range to
satisfactorily simulate not only dry matter growth and development but also the nitrogen

dynamics under various climatic conditions. It reacts correctly to increased planting densities
 
and to different nitrogen fertilizations.
 

Experimental data collected in Madagascar 
were used to test the model predictions with
 
respect to rice weed c(omp,Iition (Graf et al. 
 1990b). Tihe model seems to calpture the
relevant interactions in the rice-weed association and describes the population dynamics of

each competitor in a,sat isfactry manner. 
 Under the field cocnditions recorded in Madagascar,
light competiticn contriblutes 60% and nitrogen competition 10% to rice biomass losses. The

effect of different weeding strategies on the development of' rice and weeds are properly

reproduced by the model.
 

Finally, the model allows for simulation of the effects of weed density, and timing of'
 
mechanical weed control on 
rice yield losses.
 

The encouraging resuts fro m the validatiOn procedure demnstrate that the model

produces reliable predictions. It allows a better insight into the dynamics of rice-weed 
interactions and by this means might contribute to improve future weed control strategies. 
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MAKING ORCHARD MODELS WORK: A FRAMEWORK FOR
 
DECISION SUPPORT INCORPORAT[NG AuTOMAIC CuImATE SENSING,
 

DISEASE MODELS, AND EXPERT SYSTEMS 

M. L\trNs(x 
Nev Zealar nd Nlinistr\' of Agiricuulirt, tnd Fisheries 

Objectives of Project 

To redl.ce iesticide rsidue levels ill apples likile nlaintailing fru it qualit'. 

To reduce expenditure02s on pesticides in apple orchards. 

IC -roide a strategic delivery s'steni Usirng holrticlturl and modeling expertise. 

To pro 'ide a' ca l p(oint I*0t tihe exchange of info rrlat io biietween gro wers, corlstrhtanlts. 
ind scientists. 

To provwide ainetw(<rk of stations recording n-meCeo)Il 1gic and crop plenlo1gic data. 

Approach 
This pri)<ject !rtirgs to get her foith existing aid de'elO)pirng techn(l gies. Its finaloultpt is 

an infiorriatiioi system with fi\e i:jo r comlpo nents. 

1. l'ri rtalI sensing anrid re:Iio)te data I lgging. 

2. 	 Grtpdics-ba.t-,cd so )l'ware that lets griowers keep better spray and phenological records. 

3. 	An expert system which gives growers nimn.gemernt reconlirendations ratller than 
diseatse w,'arnings. The svstell will tlke account of previous mn;gement by the grower 
in 	 providing tailorwed recoC0)ninlendat ions. 

,i. 	Mlo dels of disease aInd spray cower l\\hiclh provide inforniation botli to the expert 
system and directly to the grower. 

5. A data baise storing orchard meteorology, manriageriient and phenology. Tile data laxse 
makes it easy to add furIlier models to tile system without lMrdening users with 
additional iripult requr irernents. 

Models wvill initially lie adapted or developed fr the following diseases: Apple Black Spot
(Ve'lmiria iu!equalis), Firehlitight (I:ru'i;+iaam )'loIra)and Apple Powdery Mildew 
(rodosp.a/icic /eolfic a), is well as for integrated control of IEuropeari led Mite 
(Iciliol, ''c/,Is 1/1mi). \/heri corniiried with ca.lend:r-based reconimendations for other pests
and diseases, these will provide a complete set ol"spray recomneidations to the grower.


Ifis is a prop<0satl to de\el(p a ho )listic, inl*orriiation-lxased system for orchard
 
iimanagement. By putting existing research to work the system 
 wvill meet the einerging needs 

of growers. In addition the system w'ill provide a franiework fOr further testing aind 
development of decision su ppo)rt tools. 

In the proposed systei sLIbscriliers will receive a suite of' decision support tools. Tlieir PC 
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will be linked to aIcentral computer storing up-to-date weather and spray details. Scientists 
will have the option of having access to a grower's data (at the grower's discretion), and the 
ability to maintain and improve tile system's component software. lata loggers each serve a 
small number of nearby growers. Weaiher forecasts pklced on the central computer will be 
accessed autOmnatically by the growers softwrare. The network configur,ttion gives the 
timeliness, and communications capabilities of the centra|lized computer, with the control and 
ease of use of the PC. 

Growers will record spray applications in an orchard data bas, via a graphical 
representation of their orc.hard's blocks and rows. Models will use the microclimate and spray 
applications recorded in the data abase to establish the threat posed by individual diseases. 
An expert system will sort through the factors involved in a spray decision for a particular 
orchard on a particular clay. 

The orchard data base will serve as the foundattion on which these applications are 
constructed. Information entered and stored by one application will be readily available to 
any other. The consistency of the graphical interface 'ill make the applications easy to learn 
and use. 

Future Developments 
The system as planned can read information to and from a regional data base. This gives 

I mechanism for disseminating I wide range of informnation of interest to growers. With the 
involvement of the wider business community the following information could be offered: 

* 1-ourly news from critical markets 
* Exchange rates 
* Stock holdings at spray merchants 

The information collected on orchards would improve harvest date and yield forecasting. 
With growers' consent this information could be automatically collected and amalgamated on a 
daily or weekly basis. 
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ALGORITHMS FOR ASSESSING RISK 

JONATHAI-IN YUE.N 

University of Hawaii 

Formal analysis of risk attitudes using Bernoulli's principle (Anderson et a!. 1977) is not 
possible when the risk preferences of the targeted individual (his or her utility function) is not 
known. Although this type of analysis probably represents the best approach for determining
whether or not a particular strategy would be preferred over another, it cannot be universally
applied without utility functions. lurthermore, the very fact that it requires knowledge of the 
risk attitudes of' the decision maker also means that it loses generality over less specific

methods. These less specific methods are useful in the evaluation of different cropping

strategies, and can eliminate those that would not be chosen by risk 
averse decision makers. 
With minor changes, these metho ds can also be used to compare different agroecosystems. 

The approach presented here uses simulltion mo)dels to convert information about 
weather variability into more directly useful information about the probability of a given
 
return. If cropping strategies, such as the application of fungicides or use of cultivars with
 
host plant resistance, are being an:!yzed, then numerous 
replicate runs of a crop plroduction

model can be made to obtain a probability density function (1pdf) of the variable of interest
 
(typically return). 
 This is then repeated using the same weather information but changing the 
parameters of the model regulating the cropping system (cultivar, pesticide application,

fertilizer, irrigation etc.). 
 '['his results in different pd's for the different cropping strategies.
The replicate runs ,ire produced using representative historical weather fil,2s or weather 
generated with a weather simulator program. The model thus can he conceived of as a "black 
box- that converts the variability in the weather into variability in return. This is the approach
used by the Decision Support System for Agrotechnology Transfer (1)SSAT V.2.1) (IBSNAT
Project 1989) to explore different cropping systems, but has yet to he applied to evaluation of 
disease control strategies. 

However, risk analysis is usually performed with return as the variable of interest, while
 
disease information 
over time is the usual product of pathogen simulation models. Disease 
data is converted to yield information either through a coupled plant growth model or
 
empirically derived disease-loss relationships. Any variable costs involved in the different
 
production strategies (application of pesticides, fertilizers, improved seed, etc.) must also be
 
included in the calculation of a strategy's return to provide an economically realistic analysis.
Limited analyses have been conducted with pathogen only models using only disease data. In 
these cases, it is assumed that producers would attempt to minimize area under the disease 
progress curve (AUI)PC) or the final disease level, but these are perhaps unrealistic 
assumptions. 

The pdf's for different strategies can then be compared using a number of techniques. In 
the simplest sort of analysis, the mean value of return for a given strategy is calculated. This is 
called the expected monetary value (EMV), and can identify those strategies that, on the 
average, would give the highest return. EMV alone does not take the variability of return into 
account, however, and the variance of the EMV can 1lso be calculated from the pdf. For one 
strategy to be preferred over another, it must have a larger EMV, but a smaller variance. 

A related technique is to use stochastic dominance (Hadar and Russell 1969; Meyer 1977)
to compare two different strategies. The cumulative probability density function (cdf) of each 
strategy is calculated by taking the integral of the pdf. These cdf's are compared either 
numerically or graphically, with the x axis net return, and the y axis cumulative probability. If 
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0ne CLrv\e lies entirelyIto tihe idgt of anc ther, it is said to donminate it (be preferlred) b first 
cegree sto)chastic dC)minance ( SI)). If the cdf curves intersect, neithe strategy dominates in 
ISI). ligte I is )ft%() strttegies (labeled P()Ilicy lucl,2) with FSI).a C()1lulpiso()n I and l)( 

Since the lines intersect, neither strategy d(imlinates in F:S1).
 

This pr()ccdiire can then be re)eat.d fcr sc.md degree st()chastic domlinanl.lce. The 

integral c) the cdf can he C,)CLlted. yielding a seC(mnd set Of CLVCS tlhlt cl be ccimpatred in a 
similar manner, with tile x aXis ret.1n, an1d tile V axis the iltogal cOf tile cd. If cme curve lies 

entirely to the righi ()l it is Said Id()Ini nalt in scc(.)d delgree Sto ichast icancither cUrTC, t( 

d..hilinance (SS)). In the (imiparis ifl il Figure 2, lc)lic\ 2 dc iminates Policy I by 551). 
Strategies that domirmate in SSI) arc sa idto)be preferred by decision mnalkers that are averse to 
risk. '[ird antild fcV stc)chastic dm()nililtn ccC 1mparisc)ls can1 be made, ot theiievenl ultl degre 

ilterpretation is 1ni)re difficult.
 

This technjiue ca1n also be extended t()compare the same cr)pping system in different 
Icmicaticns. In this case, instead c(l varying the paramcters that affect the cropping system and 
keeping the weather files ()Irweather generato)r cc nstant, the parameters regulating crcoip 
prcinduct irn arC held cc nsia nt and the pdf's are generated 101 \vuat her files or generat irs 
representing different loc:itions. 
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Comparison of Policy I and Policy 2 
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THE USE OF MODEING AND NONMODELING APPROACHES IN FIEuD TESTINg 

GENETICALLY ENGINEERED MICROORGANISMS 

DR. WOLI-(;ANG SCHltil 

Pennsylvania State University 

The basic purpose of using modeling approaches in field testing genetically engineered 
organisls is the efficient use of resources in designing safe and valid experiments. At present, 

limited data are available to model potential effects of genetic mlanipulations in regard to their 
intended function, genetic stability, rate of exchange ot genetic material, persistence, etc. I, 

therefore, consider that the primary objective of modeling approaches at the moment are to 

develop and test containment strategies for field testing genetically released organisms. They 
could provide tile framework for the development of models dealing with the genetic fate of the 
micro( )rganisms (MO), such as: 

I) The lo ss of the genetic trait over time
 
2) Persistence of the genetic trait over time
 
3) Ralte of migration of the trait into related, hut unmodified MO.
 
4) Rate of migration of the genetic trait into unrelated MO.
 
5) Pleiotropic effects, cascade effects.
 

At present, modeling approaches could be useful in the following areas: 

1) 	 Assess the Fate and behavior of released microorganisms in the environment. Models in this 
category involve the simulition of spread, survival, multiplication, etc. of the organism. 

2) 	 Assess the suitability of potential release sites or assist in the choice of potential sites. Models 

in this category could be useful in determining the suitability of sites in regard to runoff, 
groundwaiter intrusion of the MO, erosion, etc. as possible vectors the MO could utilize to 

escape the confinement. 

3) 	 Assist in experiment designs. Models in this category could be useful in deterImining potential 
sites where the MO can be found in the experimental area. This infonnation could for the 
ba.;is for efficient sampling strategies. 

4) 	 l)evelop standard testing protocols and/or guidelines specific for MO groups. Models in this 

categoly could be used to simulate various containment techniques and dete -line the most 
efficient approaches dependent on the characteristics of the MO. 

4) 	 l)evelop standard testing protocols and/or guidelines specific for MO groups. Models in this 
category could he used to simulate various containment techniques and determine the most 
efficient approaches dependent on the characteristics of the MO. 

5) 	 Provide a scientific basis for the regulatoly agencies. Models in this category could be used 
by regulatory agencies to evaluate the effectiveness of methodologies proposed for planned 
releases. 
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The following is an incomplete siivey of a\'aiklle models 
thai could be used in the above mentioned categories, 

Transport Media General Description Models/Reference 

Air tstimate dispersion of small ATN-TOX/Raridon et ,il. 1988 
particle aerosols from point ISC/Blowers et al. 1979 
sources-Gaussin plume is 
basic iflodel- includes die off 
impact of aerosolization on 
microbial surviva 

Surface Runoff Estimate microbes in Usle/Wischmeir and Smith 1965. 
suspension transported in Creams/Moore et al. 1988 
runoff and attached to soil AGNPS/Young et al. 1982. 
particles (erosion)-based on 
distance to surtIIcC water, 

WI.FNPS/I laith and 'lublbs 1981. 

rainfall, anod topographicil 

Soil Estiimtte the locaition and Microbe Screen/Reichenbach 
concentration of MO- eial. 1987 
Model the emigration rte- O'Melia 1985 
includes interception, Corapc)ioglu and 
sedimentation, dif'usion,
attachment/dletachuen-t 

LHaridas 1984, 1985 

absorption/desorption, 
pore clogging/declogging 

Groundwater l"stimate MO flite Using Random Walk Code 
one-,two-, or three Prickett et al.. 1981 
dimensional models MOC/Konik.ow and 

Bredlehoeft, 1983 
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Parameter 

Survival-Air and Water 

General Description 

Estimate MO survival in 
fate models-functions 
include die-off, Unlimited 
and exponential growth, 
steady state and substrate 
limited growth 

Models/Reference 

Crane and Moore 1985 
Reichenbach et al. 1987 
Paris et al. 1982 

Competition 

Involves reproduction selection coefficient 

MacKenzie 1984 
De Wit 1960 
Lottka-Volterra equation 
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